
RESEARCH OUTPUTS / RÉSULTATS DE RECHERCHE

Author(s) - Auteur(s) :

Publication date - Date de publication :

Permanent link - Permalien :

Rights / License - Licence de droit d’auteur :

Bibliothèque Universitaire Moretus Plantin

Institutional Repository - Research Portal
Dépôt Institutionnel - Portail de la Recherche
researchportal.unamur.beUniversity of Namur

Brave New GES World

Villarreal-Narvaez, Santiago; Sluÿters, Arthur; Vanderdonckt, Jean; Vatavu, Radu-Daniel

Published in:
ACM Computing Surveys

DOI:
10.1145/3636458

Publication date:
2024

Document Version
Peer reviewed version

Link to publication
Citation for pulished version (HARVARD):
Villarreal-Narvaez, S, Sluÿters, A, Vanderdonckt, J & Vatavu, R-D 2024, 'Brave New GES World: A Systematic
Literature Review of Gestures and Referents in Gesture Elicitation Studies', ACM Computing Surveys, vol. 56,
no. 5, 128, pp. 1-55. https://doi.org/10.1145/3636458

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal ?
Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Download date: 29. Apr. 2024

https://doi.org/10.1145/3636458
https://researchportal.unamur.be/en/publications/bcbf1526-e68c-4d56-8e8d-93714e6592c7
https://doi.org/10.1145/3636458


Brave New GES World: A Systematic Literature Review of
Gestures and Referents in Gesture Elicitation Studies
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How to determine highly effective and intuitive gesture sets for interactive systems tailored to end users’

preferences? A substantial body of knowledge is available on this topic, among which gesture elicitation studies

stand out distinctively. In these studies, end users are invited to propose gestures for specific referents, which

are the functions to control for an interactive system. The vast majority of gesture elicitation studies conclude

with a consensus gesture set identified following a process of consensus or agreement analysis. However, the

information about specific gesture sets determined for specific applications is scattered across a wide landscape

of disconnected scientific publications, which poses challenges to researchers and practitioners to effectively

harness this body of knowledge. To address this challenge, we conducted a systematic literature review and

examined a corpus of N=267 studies encompassing a total of 187, 265 gestures elicited from 6, 659 participants

for 4, 106 referents. To understand similarities in users’ gesture preferences within this extensive dataset, we

analyzed a sample of 2, 304 gestures extracted from the studies identified in our literature review. Our approach

consisted of (i) identifying the context of use represented by end users, devices, platforms, and gesture-sensing

technology, (ii) categorizing the referents, (iii) classifying the gestures elicited for those referents, and (iv)

cataloging the gestures based on their representation and implementation modalities. Drawing from the

findings of this review, we propose guidelines for conducting future end-user gesture elicitation studies.

CCS Concepts: •Human-centered computing→ Gestural input; User interface design; Participatory design.

Additional Key Words and Phrases: Gesture elicitation studies; Systematic Literature Review; Gesture interac-
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1 INTRODUCTION
When faced with the task of developing an interactive application featuring a gestural interface,

whether for a mobile device, gaming console, augmented/virtual reality system, or smart environ-

ment, one key aspect is to establish a gesture vocabulary [80, 138]. This vocabulary, also referred to

as a set of gestures mapped to the application functions, should fulfill various quality criteria [142],

including, but not limited to, naturalness [135] and memorability [75]. To address this design

challenge, one can draw upon multiple sources, including general design principles, style guides

provided by software vendors (for visual comparison, see GestureCons), or empirical studies.

Gesture Elicitation Studies (GESs) were introduced in 2005 byWobbrock et al. [137] in the form of

a “guessability” method aimed at collecting end users’ preferences for symbolic input, and originally

applied to inform the design of the stroke gestures constiuting the EdgeWrite vocabulary [139].

The first application of the method to hand gesture input was conducted a few years later by

Wobbrock et al. [138] within the area of surface computing. Subsequently, GESs have gained

popularity as an effective and valuable tool for informing the design of gestures that align with

end users’ behavior and preferences. Since then, these studies have been applied to a wide array

of devices [9, 37, 38, 93, 125], applications [41, 82, 87, 113], environments [29, 55, 60, 68, 96], and

contexts of use [26, 32, 67, 112, 119]. To date, we have identified a total of N=267 such studies

published in peer-reviewed journals and conferences, reporting users’ preferences for finger, hand,

wrist, arm, head, foot, and whole-body gestures for interactive computer systems and environments.

Consequently, a substantial body of knowledge has emerged through the application of the GES

research and design method, encompassing several critical aspects: (1) the extent of user consensus

regarding gesture commands for interactive applications, (2) establishment of consensus gesture sets,

(3) compilation of design guidelines and recommendations [6, 61], (4) creation of software tools [4,

5, 63, 79, 110], and (5) exploration of methodological variations and enhancements to the original

method [63, 73, 115, 116, 121–124]. However, while the community has been busy accumulating

design knowledge on new gesture types [22, 27, 36, 119] and compiling high-consensus gesture

commands for new interactive systems, devices [112, 125, 136], and environments [18, 25, 28, 29,

55, 98], the outcome was an ever-growing body of gesture elicitation studies scattered throughout

the various dissemination venues of the Human-Computer Interaction (HCI) field. In this context,

this scattered knowledge needs consolidation in a rigorous way for the community to identify

best practices and effectively use the available resources towards new discoveries in user-defined

gestures as well as to transfer those results into actual gesture user interfaces for highly intuitive

and usable interactions with computer systems of many kinds, tailored to and reflective of end

users’ needs and preferences. The contributions of this paper encompass the following:

(1) Macroscopic-level analysis.We conducted a new Systematic Literature Review (SLR) in

the area of GESs with an expanded query covering an extended timeframe for an analysis of

the macroscopic-level data acquired in a prior SLR [129]; see Section 4.

(2) Microscopic-level examination of terms and topics. We delved into a microscopic-level

analysis of terms, topics, and associations commonly employed within the GES scientific

literature. By utilizing various tools, we generated word clouds to highlight terms employed

during different time periods, e.g., from 2019 to 2020. We constructed a stream graph to

explore topical trends and employed PhraseNet to underscore word associations for the

N=267 studies examined in our SLR; see Section 4.4.

(3) Analysis and categorization of referents. This paper comprehensively covers a diversity

of tasks, actions, and referents featured in GESs. Furthermore, it provides a list of the most

frequently used referents in GESs, categorized for quantification and classification purposes.

To this end, we aim to answer key questions for the GES literature, such as: Which referents

ACM Comput. Surv., Vol. 1, No. 1, Article . Publication date: December 2023.
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are most commonly utilized in the scientific literature? and To what extent do various functions

and sub-functions of these referents appear in GESs? ; please refer to Section 5.

(4) Analysis, representation classification, gesture classification, and gesture-referent
mappings.We compile a dataset of gestures documented by previous GESs, and subsequently

scrutinize those gestures in terms of representation (e.g., text, images, and drawings), existing

taxonomies, and associations with referents. To this end, we aim to answer questions such as:

What are the gestures most frequently proposed by end users?, How are these gestures typically

represented in scientific papers?, What outcomes arise from gesture classification? What are the

most notable associations between gestures and references? ; please refer to Section 6.

2 AN OVERVIEW OF GESTURE ELICITATION STUDIES
GES typically explore the three conventional dimensions of the context of use [17]: the involvement

of end users to learn about their preferred interactions, the specific platforms and devices employed

to perform the interactions, and the physical settings in which the interactions take place.

2.1 Glossary of Concepts and Terminology
We provide an alphabetically ordered list of definitions for the concepts and terminology used in

GESs and in this paper. These definitions are also available in our previous SLR [129]:

(1) Agreement. The situation in which the gestures elicited from two or more participants are

evaluated as being identical or substantially similar according to a set of rules, criteria, or

similarity functions and, thus, equivalent from the perspective of the target application. For

example, the designer of a gesture interface for a smart ring device [38] may consider that

gesture direction and speed are more important than the amplitude of the finger movement.

(2) Command. A signal that actuates the execution of a function in the user interface, also

referred to as a “gesture command,” where the signal is represented by gesture input. For

example, in response to the “dim lights” referent, a participant may propose a downward

movement of the finger wearing the smart ring.

(3) Consensus gesture set. The set of gestures that reached the largest agreement for the

referents examined in the GES. For example, say that 11 of the 20 participants involved in the

study believe that a downwards movement of the index finger represents the best gesture to

effect “dim lights,” 9 participants consider that an upwards movement of the finger should

effect “make lights brighter,” and 15 participants propose clockwise circular movements

to “turn the lights on and off.” In that case, the consensus gesture set is composed of the

downwards, upwards, and clockwise circular gestures of the finger wearing the ring.

(4) Consensus rate. A measure of agreement that employs dissimilarity functions and tolerance

thresholds for the automatic computation of agreement between the elicited gestures [121].

(5) Elicitation. The process of involving participants in the GES to respond to referents and

propose suitable gestures, reflective of their preferences, to effect those referents.

(6) End user. A potential user of the interactive device, application, or system for which gestures

are designed. A sample of end users forms the “participants” of the GES.

(7) Function. A feature of the interactive system that can be controlled independently using a

gesture command, e.g., "make lights brighter". Same as “referent.”

(8) Gesture. A movement of a part of or the whole body performed in response to a referent.

(9) Measure of agreement. A numerical measure quantifying the magnitude of agreement

among the gestures elicited from the study participants. For example, from the 20 participants

of a GES, three subgroups of sizes 9, 7, and 4 emerge for the “dim lights” referent, so that all

participants from each subgroup are in agreement about their gestures. The agreement score,

ACM Comput. Surv., Vol. 1, No. 1, Article . Publication date: December 2023.
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defined according to [137], computes (9/20)2 + (7/20)2 + (4/20)2= .365, while the agreement

rate used by [122] returns (9 · 8 + 7 · 6 + 4 · 3)/(20 · 19)= .332.

(10) Participant.A human subject, representative of the population of end users for the particular

system or application involved in the study, that volunteered to participate in the GES and

propose gesture commands in response to referents.

(11) Referent. A feature of the interactive system that can be controlled independently using a

gesture command, e.g., make lights brighter. Same as “function.”

(12) Symbol. Any artifact that evokes a referent in the form of a system function, e.g., a stroke

gesture, surface gesture, mid-air gesture, command keyword, voice command, icon, button

label, menu item, and so forth. Also known as a “sign.”

2.2 GES Method
In our previous SLR [129], we presented various adaptations of the original GES method, originally

introduced by Wobbrock et al. [137, 138], while a recent work by Vatavu and Wobbrock [124]

clarified aspects of agreement analysis. With each GES methodological iteration, researchers and

practitioners have endeavored to uphold a consistent methodology while adhering to principles of

scientific rigor; see Figure 1 for an overview of the overall GES process. A few specific examples

are noteworthy for the historical development of GESs:

(1) Wobbrock et al. [137, 138] were the first to formalize the gesture elicitation method, including

a definition of the agreement score measure for consensus analysis, introduced for maxi-

mizing the guessability of symbolic input [137]. Their work spawned further theoretical

developments, including new agreement measures and statistical techniques for conducting

agreement analysis [32, 122–124].

(2) Morris et al. [73] highlighted the existence of a “legacy bias” phenomenon for GESs, where the

users involved in such studies are often biased by their prior experience with other interactive

computer technology, in particular user interfaces based on windows, icons, menus, and

pointing. This observation has led to new methodological variations of GESs.

(3) Vatavu [121] showed how the notion of agreement is relative to the criteria employed by

the practitioner who is analyzing the elicited gestures, and different criteria lead to different

magnitudes for the measures of agreement employed in GESs. The dissimilarity-consensus

method, proposed in [121], represents an effective way to handle this problem via dissimilarity

functions and tolerance thresholds.

(4) Ali et al. [4] and Tsandilas and Dragicevic [116] introduced formalized approaches for com-

piling gesture vocabularies in GESs, i.e., optimization algorithms for clustering elicitation

data represented as a weighted graph [4] and framing GESs as a computational optimization

problem [116]. Such approaches automate the process of compiling consensus gesture sets.

(5) Vatavu and Wobbrock [124] provided a formal model of general end-user elicitation studies

for HCI and clarified foundational aspects of the GES theory and practice with a comprehen-

sive discussion and new key theoretical insights. In this process, they conducted verification

and validation of the method [137, 138] and the gesture analysis process of agreement calcu-

lation [32, 122, 123, 137, 138], significantly extending prior developments. Their exposition

categorized agreement analysis methods into three types: expert, codebook, and computer.

(6) Gheran et al. [39] examined and formalized aspects of the replicability and reproducibility of

the results of GESs, such as the consensus gesture set, with the RepliGES conceptual space.

ACM Comput. Surv., Vol. 1, No. 1, Article . Publication date: December 2023.
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Researchers/Experimenters Participants

Pre-test
Phase

Test
Phase

Post-test
Phase

Consolidation

Give information 
about the study

[160,162]

Answer the demographics 
questionnaire [5,23,62,78,137,138]

Perform physical 
condition assessment

[6,130] Show the apparatus
for test [10,46]

Pass the creativity
test [46,52,78]

Presents an example of the test
[10,23]

Proposes a/many 
gesture/s for the 

referent
[1-267] in Corpus

Rate: 
Goodness [20,53,78,138],
Fatigue [11,40,114], 
Social acceptation [9,53,64],
Memorability [90,137,161], 
NASA Task Load Index TLX [16,22,53], 
Learnability [53,90], etc.

Answer the post-test quiz 
(e.g., IBM CSQUQ, PSSUQ, etc.)

[78,99,138]

Calculation of: 
Agreement Score A(r) [17,137,145], 
Agreement Rate AR(r) [12,19,142,160], 
Co-agreement CR [19,27,78,142], 
Kappa coefficient [8,10,112], 
Fleiss coefficient [78],  
Max-consensus [5,87,120], 
Consensus distinct [87,120], 
Disagreement score [19,78], 
Vocabulary Acceptability Criteria (VAC) [49]

Classify the gestures [10,20,62,137],
Compare the cultural influence [36], 

Evaluate the understanding [8]

Confirm of results
[132,160,162]

Reuse of the dataset for 
new discoveries

[46,127]

Replicate the 
empirical findings 

[55,94,112]

Meta-analysis of data 
from multiple GES

[134,141,142]

Deliver gesture 
consensus set 

[1-267] in Corpus

Asks for a/many gesture/s from a 
referent (no) randomly 

[1-267] in Corpus

NRt-1 times

All referents

Reflection time [46,59,78,138]

The participant chooses 
not to suggest a gesture

Fig. 1. Block diagram of the overall process involved by conducting gesture elicitation studies. Optional

transitions between the various steps of the process are represented graphically with dashed arrows.

2.3 Surveys and Reviews of Gesture Elicitation Studies
Previous work has surveyed the area of gesture interaction from various perspectives. For instance,

one survey [90] examined the effectiveness and efficiency of computer vision techniques for

hand gesture recognition by comparing various recognition techniques, software platforms, and

frameworks. This survey analyzed research conducted prior to the release of key gesture sensing

devices, such as Microsoft Kinect and Leap Motion Controller and, thus, missing out critical

evolutionary aspects of gesture technology.

A SLR systematically summarizes the existing scientific literature available on a topic in a

reproducible way to explain the state of the art, while a review summarizes the evolution of a

theory, concept, or technique. For example, [40] classified the mid-air hand gestures extracted from

65 papers according to the nature of their action: selection, navigation (e.g., zoom, scroll, move

cursor, pan, and view control), and manipulation. Such a classification is bottom-up compared

to the top-down approach from our SLR, i.e., starting from a taxonomy of actions [56]. Another

SLR by Al-Shamayleh et al. [2] addressed vision-based gesture recognition. Vuletic et al. [134]

reported the results of a SLR identifying characteristics of touchless, in-air hand gestures from 148

ACM Comput. Surv., Vol. 1, No. 1, Article . Publication date: December 2023.
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articles, which were classified in terms of the number of participants, gestures, applications (i.e., 3D

modeling, assistive technology, data input/authentication, manipulation/navigation, and touchless

control), and devices. Xia et al. [142] conducted a SLR focused on gesture vocabulary design. Their

review involved literature queries such as “gesture design,” “design of gestures,” “gesture tools,” and

others, culminating in the identification and analysis of 13 factors, such as gesture intuitiveness,

learnability, transferability, recognition, and more, with the aim of informing gesture set design. Xia

et al.’s work provides user-centered and factor-oriented guidelines for future studies in this area.

Additionally, two SLRs have been conducted in the area of mid-air hand gesture interaction: one

SRL aimed at reviewing empirical research related to the use of mid-air gestures across various

contexts of use [50], and another focusing on GESs within the same domain [131]. It is important

to note that this previous work represents only an inaugural attempt to conduct an SLR specifically

dedicated to GESs, but for mid-air gestures alone. Several other papers have explored the literature

surrounding GESs, but their focus has been relatively narrow. For instance, Tijana et al. [114]

conducted a SLR on hand gestures for user interfaces, briefly mentioning the GES method, which

was not the central theme of their research. Other studies have centered on surveying software tools

utilized in GESs [63], concentrating on the features and qualities of such tools for the development

of interactive computing systems.

The workmost closely related to ours is a study conducted by Vogiatzidakis and Koutsabasis [131],

in which they analyzed a corpus of N=47 papers specifically addressing GESs within the application

domain of mid-air interaction. However, this work had a narrow focus, limited to gestures performed

in mid-air. In contrast, our investigation encompasses the entirety of GES scientific literature,

rendering our scope significantly broader with a dataset of N=267 gesture elicitation studies

identified to date. Most recently, Hosseini et al. [44] reviewed gestures found in 172 GES papers

with the goal of identifying common characteristics in different application domains. Finally, our

previous SLR [129] reported general characteristics and trends in the research and practice of GESs.

This paper represents a significant expansion, for which Table 1 shows a comparative overview.

3 RESEARCH METHOD
Our study aims to offer a comprehensive overview of research about gesture elicitation studies,

a goal for which a SLR is a recommendable tool. The scientific literature contains various SLR

methodologies, including [48], a prominent method in the field of software engineering known

for its comprehensive coverage of extensive domains, similar to the approach used in medical

experiments [58]. We adopted a standard SLR procedure [13], for which the resulting process is

illustrated in Figure 2, adhering to the Prisma (Preferred Reporting Items for Systematic Reviews

and Meta-Analyses) four-phase flow diagram [58].

3.1 Phase 1: Identification
We searched for papers potentially relevant to our topic of investigation using the following query:

Q = ("Gesture" AND (guess* OR elicit*) AND (study OR experience))

which we ran on both single-publisher libraries (e.g., IEEE Xplore) and multi-publisher engines

(e.g., Google Scholar). We selected the following five main digital libraries for Computer Science: (1)

ACM Digital Library, (2) IEEE Xplore, (3) Elsevier ScienceDirect, (4) Elsevier Ei Compendex (also

referred to as Engineering Village), and (5) SpringerLink. We utilized the restricted search feature

within the ACM Digital Libary, which specifically filters for references published by ACM Press and

excludes those from affiliated organizations, such as IEEE, unless jointly published. This choice was

made to ensure the desired segregation. We did not consider repositories such as arXiv, since they

contain heterogeneous references, not all peer-reviewed. We also used three sources of multiple

ACM Comput. Surv., Vol. 1, No. 1, Article . Publication date: December 2023.
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Table 1. Differences between [129] and this paper (SD=standard deviation, Mdn=median).

Criteria Villarreal-Narvaez et al. [129] This paper

Approach Macroscopic analysis of the GES metadata Microscopic analysis gestures and referents from

GESs

Methodology PRISMA [58] PRISMA [58]

Corpus N=216 papers N=267 papers

Query "Gesture" AND "Elicitation" AND "Study" "Gesture" AND (guess* OR elicit*) AND (study OR

experience)

Period 1994 - August 2019 1994 - January 2021

Authors Average number of authors per GES=3 (60 studies,

representing 27.8%); Minimum=1; Maximum=10;

Figures: Number of authors per paper and over time

Average number of authors per GES=3 (72 studies,

representing 26.97%); Minimum=1; Maximum=10;

Figures updated for N=267: number of authors per

reference over time (Fig. 3), number of authors per

reference over time (Fig. 4); see Section 4

Participants Total=5, 458; Minimum=1; Maximum=340;

Average=25; Average Male/Female=2.10 (S.D.=2.18;

Mdn=1.13); Figures: Number of participants by age

groups over time

Total=6, 659; Minimum=1; Maximum=340;

Average=25; Average Male/Female=1.82 (S.D.=1.98;

Mdn=1.27); see Section 4

Body parts involved in
gesture articulation

IFBP-Total=380; CFBP-Total=241; Figures: Heatmap

representations of the number of GESs that elicited

gestures performed with specific body parts

IFBP-Total=477; CFBP-Total=290; Figures updated

for N=267: Heatmap representations of the number

of GES that elicited gestures performed with specific

body parts (Fig. 5); see Section 4

Referents Total=3, 625; Minimum=1; Maximum=70;

Average=20.10; SD=5.23

Total=4, 411; Minimum=1; Maximum=120;

Average=16.52; SD=133.49

Referent classification No Yes; RC=4, 106; Lenorovitz et al. [56].

Gestures Total=148, 340; Minimum=4; Maximum=12, 240;

Average=716; SD=1, 438

Total=187, 265; Minimum=4; Maximum=12, 240;

Average=723; SD=1, 354

Agreed gestures Average=91; SD=231; Mdn=24 Average=88; SD=221; Mdn=24

Gesture classification No Yes; GC=3, 902; Aigner et al. [1]; inspired by Pium-

somboon et al. [88] and Obaid et al. [81]
Gesture representation No Yes; classification by McAweeney et al. [69] and

Bernsen [10]

Gesture inventory No Yes; associations between gestures and referents

As=2, 747

Implications Global Specific

Contributions (1) The first systematic literature review on gesture

elicitation of N= 216 studies; (2) Method to (i) under-
stand how current and new GESs position in the lit-

erature, (ii) compare GESs published by different au-

thors, and (iii) identify opportunities for unexplored

areas in gesture elicitation.

(1) Enhanced macroscopic analysis (Section 4), (2)

Examination of terms, topics, and associations (Sec-

tion 4.4), (3) Analysis and categorization of referents

(Section 5), (4) Analysis, representation classifica-

tion, classification of gestures, and gesture-referent

association (Section 6).

publishers to ensure completeness and coherence of the GES references, validate independent query

results, and cover other publishers as well: (6) DBLP CompleteSearch, (7) Google Scholar, and (8)

Multidisciplinary Digital Publishing Institute. These last three engines were employed more as a

verification and validation mechanism than for reference identification purposes.

To maintain the consistency and reliability of our queries, we gathered all the necessary resources

over a span of two weeks. Initially, we compiled the list of references on a single day (December

1, 2020), which we designated as the final day for including GESs in our SLR. Subsequently, we

retrieved individual papers from digital libraries over the following days, extending up to January

9, 2021. This phased approach was implemented to prevent an excessive volume of requests that

could potentially jeopardize our authorized access to those libraries. The results of each query Q
were retained according to the following rules:

(1) The “Advanced Search” rule. Queries were run using the most advanced search feature of each

digital library, and results were sorted in decreasing order of relevance.
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1,394 papers identified through database 
searching (ACM MD=112, ACM FT= 430, 
IEEE=52, Springer Link=400, Science 
Direct=400)

422 additional papers identified
through other sources (DBLP=1, Google 
Scholar=420, MDPI=1)

N=267 papers included

Id
en

tif
ic
at
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n

Sc
re
en

in
g

El
ig
ib
ili
ty

In
cl
us
io
n

301 duplicate papers removed (ACM 
MD=2, ACM FT=156, Google 
Scholar=143) 

1,515 papers screened after duplicates removed

1,240 irrelevant papers removed (ACM 
MD=20, ACM FT=200, IEEE=39, Springer 
Link=365, Science Direct=388, Google 
Scholar=228)

n=1,816 papers identified in total

275 papers eligible
8 papers excluded (ACM MD=3, ACM 
FT=0, Springer Link=1, Google 
Scholar=4)

Quantitative analysis:
Update Zotero
Gestures and Referents
Strength of evidence

Qualitative analysis:
Update Classification GESs
Terms, topic and associations
Gestures and Referents

Fig. 2. The four-phase Prisma flow diagram of our SLR examination (MD=meta-data, FT=full-text).

(2) The “Minimum Number of References” rule. If the query returned a small number of references

(less than 400), all of those references were automatically retained.

(3) The “No Missing References” rule. If the query returned more than 400 references, the first

400 were automatically selected for further screening, and a manual check of the next 200

references was performed to make sure no relevant papers were discarded.

Table 2 shows the results of executing query Q for each source of references. For example, the

ACM Digital Library returned a number of 7,318 references in full-text search mode, of which 400

were retained; of these, 156 duplicates were identified when compared with the results of other

queries, and 200 references were excluded based on additional screening criteria in the next phase,

leaving 74 papers; see the second row of Table 2. In total, our query identified 1,816 references.

3.2 Phase 2: Screening
Each paper was evaluated with respect to its relevance to GES using criteria of form and content:

• Form. We included papers that met the following criteria: they were written in English,

subjected to peer review, and accessible in full text. This encompassed research papers pub-

lished in peer-reviewed journals, conferences, symposiums, and workshops. Conversely, we
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Table 2. Number of references returned by running queries in digital libraries and search engines. Citations

in this table are associated with references from our corpus from Appendix A.

Source Query Rules Duplicates Excluded Included References

1. ACM DL (metadata) 112 112 2 23 87 [2–5, 8, 10–12, 14–16, 18, 19, 21, 23–

25, 27–30, 32, 34, 35, 37, 40, 41, 44, 47, 48,

50, 51, 53, 56, 58–61, 63, 65–69, 71, 72, 74–

76, 78, 80–82, 85, 87, 88, 91–93, 96–

98, 103–106, 108–111, 114–116, 119–

122, 125–128, 130, 136, 137, 140–

143, 147, 149, 154–157, 159, 160, 163–

166, 169, 170, 173, 175, 176, 178, 179, 181,

182, 184, 186–188, 190–194, 196–207, 209–

213, 215–220, 222, 224, 227, 231–

234, 239, 240, 242, 243, 246–248, 260, 262–

264, 266, 267]

2. ACM DL (full-text) 7,318 430 156 200 74

3. IEEExplore 52 52 0 39 13 [39, 52, 64, 95, 135, 161, 162, 167, 195, 223,

225, 241, 245]

4. ScienceDirect >6,000 400 0 388 12 [20, 22, 86, 100, 112, 134, 138, 208, 221, 230,

249, 261]

5. SpringerLink 2,575 400 0 366 34 [7, 31, 33, 36, 49, 57, 62, 77, 79, 89, 90, 107,

124, 129, 131, 132, 146, 150, 153, 158, 168,

171, 174, 180, 183, 226, 229, 250–253, 258,

259, 265]

6. DBLP 1 1 0 0 1 [235]

7. Google Scholar >6,000 420 143 232 45 [1, 6, 9, 13, 17, 26, 38, 42, 43, 45, 46, 54, 55,

70, 73, 83, 84, 94, 99, 101, 102, 113, 117, 118,

123, 133, 139, 144, 145, 148, 151, 152, 172,

177, 185, 189, 214, 228, 237, 238, 244, 254–

257]

8. MDPI 1 1 0 0 1 [236]

Total >22,059 1,816 301 1,248 267

excluded materials such as PhD and Master’s theses, patent descriptions, standards, extended

abstracts, slideshows, summaries and reviews of books or theses, technical reports, white pa-

pers, invited talks, demonstration papers, doctoral consortium papers, tutorial papers, poster

publications, editorials, prefaces, articles or columns in magazines, newsletters, encyclopedia

entries, blog posts, and social network entries. References lacking completely published or

accessible full-text, such as abstracts, were also omitted. Additionally, any references that

required payment for access were excluded from our study.

• Content.We retained only those papers that (1) explicitly presented a GES for UI design; or (2)

discussed GESs, emphasizing at least one discriminating feature (e.g., scale [86], memorabil-

ity [75], etc.); or (3) explicitly used a method to examine GESs. A number of 1,240 irrelevant

references were excluded by our screening, leaving 1,515-1,240 = 275 papers.

3.3 Phase 3: Eligibility
We considered ineligible and further excluded those papers that matched any of the following

situations: (1) independent research question: the paper explicitly mentioned a GES, but did not report

its results, or the goal of the GES was not gesture UI design, e.g., Yin and Davis [144] conducted a

GES to collect training data for a gesture recognizer; (2) methodology-oriented: the paper addressed

methodological aspects of GES, but did not report an actual study, e.g., Morris et al. [73] discussed

legacy bias for gesture elicitation; (3) field mismatch: the paper reported an actual elicitation study,

but for another discipline, e.g., a GES conducted to elicit user-defined gestures to train a robot. By

using these rules, we further removed 8 papers, leaving a final corpus of N=267 studies for our

examination. Legacy bias could be interpreted as a drawback [72], to be obviated with various

ACM Comput. Surv., Vol. 1, No. 1, Article . Publication date: December 2023.
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techniques, such as priming [73] and soft constraints [94], but also as a benefit [43]. GESs carried

out in requirements engineering, linguistics (e.g., for cross-linguistic studies), multimodal discourse

(e.g., when the gesture is combined with speech for another purpose), communication (e.g., for

analyzing the presenter’s behavior), psychology (e.g., for emotion or expression elicitation) were

among the eight excluded papers.

3.4 Phase 4: Inclusion
This phase consisted of verifying quantitative and qualitative aspects of our corpus of papers. For

the quantitative analysis, we employed the following tools to create a collection of papers and

generate summary statistics:

(1) Zotero, a multi-platform bibliography management software tool for collecting, organizing,

and sharing research sources. The collection of GES references examined in this SLR is

available at the web address https://www.zotero.org/groups/2132650/gesture_elicitation_

studies. Each reference has been completely imported into its corresponding sub-collection

(e.g., ACM, IEEE) with all the corresponding metadata. Automated tags were created for all

keywords, both internal and external, and a colored tag corresponding to each sub-collection

has also been added (e.g., green for ACM, orange for IEEE, etc.).

(2) PaperMachines, a Zotero extension for metadata visualizations.

(3) PDF2Text, software for automatic extraction of text from PDF files. The extracted text was

submitted to automatic language processing and analysis.

For the qualitative analysis, we replicated the method of the previous SLR [129]. Additionally, we

collected the referents and gestures of each GES for the purpose of classification and analysis.

4 CHARACTERISTICS OF PUBLISHED STUDIES
In this section, we provide an overview of published GESs and analyze them based on various

factors, including the number of participants, body parts involved in gesture articulation, and

others. Our goal is to gain insight into the GES audience by examining where such studies were

published and which ones have had the greatest impact in the field. We also assess the level of

effort involved by these studies to determine whether the peak of interest in GESs has been already

reached or not in the scientific community.

4.1 Authors and Venues
Fig. 3-a shows the number of authors involved in conducting and reporting GESs. On average,

GESs conducted so far have involved three authors (60 studies, representing 27.8% of our paper

set). However, some studies were conducted by single authors [45, 66, 120], while others required

up to ten authors [108] due to multiple classification criteria or domains of expertise [21, 77].

Fig. 3-b shows the number of GESs conducted between 2009 and 2020, a period that begins with

the publication of the first hand gesture elicitation paper by Wobbrock et al. [138]. The increasing

number of studies, as indicated by the positive linear regression (𝑅2=.61), suggests that the GES area

of investigation has not yet reached its peak yet and still presents opportunities for growing further.

The graph displayed in Fig. 4 depicts the number of GESs published annually according to the

number of authors. The highest point was reached in 2017, with 11 papers co-authored by 3 authors.

This trend persisted in 2018, with 9 papers involving 4 authors, and in 2019, respectively, with 8

papers featuring 2 or 3 authors each, indicating a standard configuration for GES publications.

Table 3 provides a list of venues where GESs have been published. Conferences are the most

common dissemination venue, accounting for 79% of all published GESs. Among these, CHI (38

papers), ITS (10), MobileHCI (9), and DIS (8 papers) have the highest number of GES publications.
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Fig. 4. Number of authors per GES over time.

Journal articles make up for the remaining 21% of all published GESs, but we did not identify any

clear preferences for specific journals. This variety of dissemination venues creates a challenge

for practitioners to locate relevant and specific information for their own projects, as there is a

scattered body of gesture design knowledge throughout the literature of HCI and other disciplines.

Table 4 ranks the twelve most influential GESs based on the number of their Google Scholar

citations. The list is arranged in descending order with the highest number of citations appearing

first. The values in the table were updated on May 16, 2021 with the initial count taken on November

19, 2020. As of August 15, 2019, the most cited article was Wobbrock et al.’s [138] seminal paper.

Over the past 20 months, this paper has gained an additional 203 citations, averaging around 10

new citations per month or 120 per year. The second most cited article is Ruiz et al.’s [93]. We also

noted a few changes in the rankings of other articles, such as Wobbrock et al. [137] moving from

the 5th to the 3rd position, and Cauchard et al. [18] advancing from 11th to the 8th place.
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Table 3. Distribution of GESs in the scientific literature.

Conference proceedings 203 76%

CHI 49 18.4

MobileHCI 10 3.7

ITS 8 3

DIS 8 3

5 studies per venue: AVI, AutomotiveUI, NordiCHI, OzCHI, INTERACT, MuC 6 × 5 = 30 11.4

UIST 4 1.5

3 studies per venue: AISC, EICS, HCII, ICMI, IDC, PerDis, SUI, UbiComp, AHA,TEI, HCIK 11 × 3 = 33 12.4

2 studies per venue: DAP, HFES, HMI, HRI, ISS, IUI, TVX, 3DUI, MUM, IADIS, GI 11 × 2 = 22 8.2

One study per venue: EuroITV, APCHI, ASSETS, CASA, CCHI, CHIuXID, CNS, DAA, DAD, DC, DIGI,

EuroVis, FDG, HCC, ICTD, Interaccion, ISCC, ITIE, MC, Mindtrek, MM, MMUI, MobiSys, MoMM, MS,

Perspective, Reco, ROMAN, SAICSIT, SCIS, UIC, HCIS, JAUTI, IEEEVR, ICSR, INCISCO, IHDI, CAAD, MIG

39 × 1 = 39 14.6

Journals 61 23%

IJHCS 7 2.6

MTA 6 2.2

3 studies per venue: JAIS, IEEE Access, IJHCI, TOCHI 4 × 3 =12 4.5

2 studies per venue: UAHCI, MTI, IMWUT 3 × 2 = 6 2.2

One study per venue: AS, BIT, CHB, CTW, HF, IJMHCI, IMW, Informatics, Information, JCH, JCST, JIFS,

JMUI, JUS, Machines, Pervasive, PLOS, Presence, PUC, TiiS, Visual, IJMERR, CaGISJ, VRIH, CAOD, JVCI,

Automation in Construction, IxD&A, IJMEDINF, CSCW

30 × 1 = 30 11.2

Technical papers 3 1%

Microsoft Research 1 0.4

Book Section 2 0.7

Table 4. The twelve most influential GESs, authors, and application domains, according to the number of

Google Scholar citations.

Authors Study Application Year Citations

1. Wobbrock et al. [138] User-defined Gestures for Surface Computing interactive table-

tops

2009 1273

2. Ruiz et al. [93] User-defined Motion Gestures for Mobile Interaction smartphones 2011 448

3. Wobbrock et al. [137] Maximizing the Guessability of Symbolic Input stroke gestures 2005 330

4. Kane et al. [46] Usable Gestures for Blind People: Understanding Prefer-

ence and Performance

tablets, smart-

phones

2011 322

5. Morris et al. [74] Understanding Users’ Preferences for Surface Gestures interactive table-

tops

2010 289

6. Piumsomboon et al. [87] User-defined Gestures for Augmented Reality Augmented Real-

ity

2013 265

7. Vatavu [120] User-defined Gestures for Free-hand TV Control smart TVs 2012 209

8. Cauchard et al. [18] Drone & Me: An Exploration into Natural Human-Drone

Interaction

human-drone in-

teraction

2015 202

9. Kühnel et al. [51] I’m home: Defining and evaluating a gesture set for

smart-home control

smart homes 2011 198

10. Nacenta et al. [75] Memorability of Pre-designed and User-defined Gesture

Sets

interactive table-

tops

2013 196

11. Lee et al. [54] How Users Manipulate Deformable Displays As Input

Devices

unconventional

displays

2010 166

12. Frisch et al. [35] Investigating Multi-touch and Pen Gestures for Diagram

Editing on Interactive Surfaces

surface comput-

ing

2009 143

4.2 Participants
All GES papers from our set clearly presented the number of participants involved in the studies. On

average, there were 25 participants (𝑀=25, 𝑆𝐷=28), and the most common number of participants

was 20, used in 49% of the studies. This value is likely to persist sinceWobbrock et al. [138] originally
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used 20 participants in their GES. However, some studies required larger sample sizes, particularly

those focused on cultural aspects [77], e.g., Mauney et al. [67] used 340 participants to evaluate

aspects of culturally-aware touch gestures, and Cafaro et al. [16] involved 227 participants in framed

guessability for multiple devices. Different authors recommend various ratios for determining

sample size, such as 5:1, 10:1, or ranging between 30 and 500 [117].

We conducted an analysis of the Male/Female ratio for the participants involved in GESs, and

determined that the average ratio was 1.82 (𝑆𝐷=1.98,𝑀𝑑𝑛=1.27). For instance, Buddika et al. [15]

recruited 12 participants, of which 7 males and 5 females, resulting in a Male/Female ratio of

7/5=1.4. Most studies (54%) had more male than female participants; only 13% of the studies had

an equal distribution of male and female participants, while 17% of the studies involved more

females than males. These figures indicate a gender bias that could be attributed to the availability

of participants or volunteering factors. The 267 GESs are distributed as follows: exclusively male

(9/267=3%), exclusively female (3/267=1%), more males than females (145/267=54%), more females

than males (46/267=17%), and gender parity (34/283=13%), respectively.

Participants’ age has often been reported as a range or average and standard deviation. For

example, Kollee et al. [49] indicated the age range of their participants as 22-55, while Vatavu et

al. [125] reported an average age of 25 years with a standard deviation of 3.1. Zuckerman et al. [147]

identified their participants as cognitively-intact older adults. Of all the studies, 3% focused on

children, 2% on teenagers, and 95% on adults, of which 1% addressing older adults.

4.3 Body Parts Involved in Gesture Articulation
We observed that certain GESs had a particular focus on distinct bodily regions, such as legs [104],

or the simultaneous use of multiple body parts [82]. Conversely, other research examined gestures

encompassing the whole body [22]. This perspective allows us to delineate a spectrum of investiga-

tions ranging from a single body part to the entirety of the human body, which we term the “human
gesture continuum.” In essence, this continuum refers to the spectrum of GES efforts that range

from exploring gestures performed by the smallest or most isolated body parts, such as the hands,

head, and shoulders [119] to investigating gestures involving multiple body parts or the entire

body. We view this continuum as a framework through which to categorize gestures performed

with the human body. For example, gestures performed with the upper-body limbs can be decon-

structed into the various body parts involved in their execution, including the face [92, 97, 104],

head [27, 104, 133], head and shoulders [119], eyes [64], nose [84, 91], mouth [20, 27, 127], shoul-

ders [91], torso [104] and even gestures involving the belly [130]. The arms fall within a distinct

part of the gesture continuum, ranging from fingers [19] to the wrist [94], wrist and hand [47],

hand [7, 34, 88, 125], forearm [52, 94], arm [59], and skin-based gestures [42], generally transi-

tioning from the hands to other parts of the body [21]. Concerning gestures originating from the

lower-body, we identified foot gestures [3, 30, 31], leg gestures [103, 104], and gestures involving

the whole body [22, 24], respectively. Although the vast majority of prior research has primarily

concentrated on gestures performed with the limbs or external body parts, our explorations have

extended to the examination of gestures emerging from internal body parts, such as the tongue [20].

This exploration has led to the emergence of interactions involving the tongue, referred to as lingual

(pertaining to the tongue), and those involving the palate, termed palatal (on the palate) [127].

To assess the prevalence of different body parts in the GES literature, we used two metrics:

(1) Individual Frequency of Body Parts (IFBP), indicating how often specific body parts, such as

the hand [87] or head [27], have been utilized in a GES.

(2) Combination Frequency of Body Parts (CFBP), revealing the frequency with which specific

body parts have been combined, such as gestures involving both the head and hands [21].
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Fig. 5. Heatmap representations of the number of GESs that elicited gestures performed with specific body

parts. Left: gestures involving one body part only, e.g., face or feet gestures. Right: gestures produced as the

combination of at least two body parts, e.g., hand and head gestures or wrist and forearm gestures.

The first measure reports on the importance of individual body parts, while the second reveals their

combination, including whole-body gestures. We found a number of 477 occurrences of individual

body parts, of which 290 were combined. The most frequent gestures were distributed as follows

(see Figure 5): finger (185/477=39%; 45/290=16%), hand (174/477=36%; 28/290=10%), arm (41/477=9%;

1/290<1%), body (36/477=8%; 30/290=10%), wrist (9/477=2%; 9/290=3%), voice (8/477=2%; 8/290=3%),

feet (5/477=1%; 5/290=2%), and head (7/477=1%; 5/290=2%). The face, shoulders, torso, and skin

represent each 1% or less. However, the hand and fingers have been covered by 105/290 = 36%

of all combinations, followed by arm + hand + fingers (34/290=12%) and arm + hand (6/290=2%),

respectively. Consequently, the most mobile limbs, i.e., the fingers, hands, and arms, are the most

frequently covered both in isolation and combination. Gestures performed with other body parts,

such as For example, belly gestures, were the subject of only one GES [130].

4.4 Terms and Topics
Before delving into analysis, we were curious about the insights we could gain from studying

the most commonly used terms in GESs, for which we used a Word Cloud generated from Term

Frequency-Inverse Document Frequency (TF-IDF) [141] (Fig. 6). We primarily seek insights into

the approach used in GESs, the referents and gestures involved, and the relationship between

gestures and their corresponding referents. The Word Cloud prominently displays recurring terms,

including “gesture(s),” “participant(s),” “hand(s),” “user(s),” “interaction,” and “design.” These terms

indicate that prior research has often focused on interactions with various devices (such as mobile

devices, displays, smartphones, tablets, and TVs), gesture recognition, and gestures proposed by

participants, whether individually or as part of a group. Participants have been typically prompted

based on specific referents, which include tasks, commands, and actions about home, menu, target,

select, and volume. The analysis also highlights specific body parts, such as the hands, fingers,

arms, heads, and wrists, frequently associated with gestures. These gestures can also be categorized
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Fig. 6. Word Cloud of the 267 GESs generated by the TF-IDF algorithm.

by their type, such as “freehand,” “midair,” “multi-touch,” “surface,” “phone,” and “driving.” Common

gestures discovered include movements like “move,” “swipe,” “tap,” “turn,” “pointing,” “pose,” and

“rotate.” Additionally, the analysis suggests that, after compiling a set of gestures, researchers often

calculate agreement and subsequently perform their classification.

We generated chronological Word Clouds to trace the evolution of terminology within GESs over

time. This process yielded thirteen distinct word clouds (see Fig. 7 and Appendix B.1), spanning the

timeline from 1994 to 2021. In this figure, light blue shading represents studies conducted before

Wobbrock et al. ’s [138] seminal work, while dark blue signifies studies conducted thereafter.

From each time period, we selected the most prominent terms, denoted by blue boxes, as well

as domains, which are represented in gray boxes. Initially, GES primarily related to the areas of

human-machine interaction, neural networks, hand movements, and speech. These early studies

also explored referents related to computer interaction, text entry, and image processing. Gestures

such as left rotation, touch/gestures/screens, finger tapping, double tapping, arm gestures, hand

poses, and head movements were the main subject of investigation.

Between 2008 and 2009, the analysis extended to pen gestures and the utilization of bimanual

and dominant/non-dominant hand gestures. In 2010, the term “gesture elicitation study” emerged

as a focal point in research, concentrating on referents associated with video games, music players,

augmented reality, full-body gestures, and the categorization of gestures into taxonomies (e.g.,

static vs. dynamic). From 2018 onwards, there was a more systematic exploration of gestures, en-

compassing aspects like gesture vocabulary, types, patterns, combined gestures, gesture knowledge,

and manual classification. Concurrently, research also delved into cultural heritage preservation.

The period spanning from 2019 to 2021 witnessed the ascendance of the Internet of Things

(IoT) with a notable emphasis on referents pertaining to interactions with various devices and

environments, including home devices, smart homes, in-vehicle interactions, urban planning, VR
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Fig. 7. Terms appearing frequently in our corpus of GES papers, organized chronologically.

environments, wearable devices, and radar sensors [62]. GESs for radar-based sensing are still in

their infancy and conducting more GESs in this area was recently suggested [126] since radars

can capture gestures in conditions unsupported by other devices, like in the dark or behind a

surface or a volume, which are contexts of use particularly applicable to Ambient Intelligence (AmI)

scenarios [102]. Furthermore, GESs have addressed specific challenges, such as the disagreement

problem and advanced gesture recognition techniques.

We utilized PhraseNet [57] and applied various operators and placeholders 𝑋 and 𝑌 from Fig. 37

to Fig. 40 (see Appendix B.3). We discovered that "gesture" is primarily associated with "touch"

and "hold", "wrist" and "motion", but also with performance and speech, with no connection to

other modalities, but a link with user preference. We also discovered ways to make gestures such

as "draw" and "circle", "form" and "rectangle", "form" and "circle", "make" and "fist", and "pressing"

and "button". Although we were interested in finding an association between gesture and referent

or device, we did not find any such relationship. However, we did find that certain devices such
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Fig. 8. Distribution of the number of referents per GES (min=minimum, med=median, max=maximum,

avg=average).

as "UAVs" and "Drones" are associated with "navigate", "control", and "command", while the term

"device" is associated with "moved".

5 REFERENTS
Overall, a total number of𝑁𝑅𝑒𝑓 =4, 106 referents was found in the 267 GESs considered in our analysis

(𝑀=16.57,𝑀𝑑𝑛=14, 𝑆𝐷=13.48,𝑀𝑖𝑛=1 [89] to𝑀𝑎𝑥=120 [99]), indicating that the number of referents

can vary from a few to many (Fig. 8). Referents are typically presented to participants in a visual

format (called visual priming [74]), predominantly through the use of images, animations, videos,

or user interface prototypes, whether they are in mock-up or functional form. This observation

aligns with a previous study that identified the most commonly used and effective representations

for referents [69]. Referents are often categorized based on established sets of categories [125, 145],

including:

• Basic functions, which encompass actions like turning the TV on/off, changing channels,

adjusting the volume, displaying/hiding menus, and opening/closing items.

• Generic functions, also known as context-independent functions, covering tasks like making

simple or multiple choices, selecting a date, or specifying a value.

• Specific functions, also known as context-dependent functions, which pertain to particular

activities, such as accessing the TV guide or controlling playback.

These functions can be further described as either analog (when they mimic a physical effect in

the real world, such as moving, selecting, rotating, resizing, panning, zooming in/out, navigating

to the previous or next item, maximizing, or minimizing) or abstract (when they do not replicate

any physical real-world effect, examples of which include inserting, deleting, modifying, cutting,

duplicating, pasting, undoing, accessing menus, or opening files).

To assess the recurring usage of referents in GESs, we classified referents extracted from our pa-

pers dataset according to their abstract task types based on the taxonomy introduced by Lenorovitz

et al. [56]. Within the scope of our research, we transcribed the referents from each article and

ACM Comput. Surv., Vol. 1, No. 1, Article . Publication date: December 2023.



18 Santiago Villarreal-Narvaez et al.

sought their corresponding equivalents in Lenorovitz et al.’s taxonomy. In certain case, we encoun-

tered challenges in identifying referents within a GES, such as for Connell et al. [22], who indicated

that the children involved in their study carried out 22 tasks (referents) structured by categories:

object manipulation (moving, resizing, rotating, panning, zooming), spatial interaction (spatial zoom-

ing, spatial planning, and manipulation of objects within space), and utility or navigation-based

tasks (including start, pause, and menu navigation). Another example is referents directly related

to the highest consensus: “Move object from left to right”, “Make object disappear from left and

reappear on right”, “Move object along a path”, “Relocate stack of objects from left to right”, “Resize

the object”, “Pan within a 3D room”, “Menu selection”, “Menu panning”. To properly establish the

relationship between a referent and the task in the taxonomy, we analyzed its functionality and

context of use. For example, Medrano et al. [78] used the referent “If you would like to open a

business here, where would you place it?,” which was assigned to “Select item” in the category of

Generic Referents, with “Indicate” for function type and “Select” for function subtype.

We found that “Perform action” was the most frequent category (Table 5), which can be used for

classifying referents such as “Jump,” “Run,” “Pick item,” “Push box,” “Catch ball,” [103, 104], “Land,”

“Take off,” “Follow,” “Get attention,” “Fly to precise location,” [18, 28]. Some referents share similar

percentages in ir distribution, such as “Increase value” (e.g., Volume up, Increase speed, Brightness

up, Increase temperature) and “Decrease value” (e.g., Volume down, Decrease speed, Brightness

down, Decrease temperature), “Activate and Deactivate“, “Ok” (e.g., Accept) and “Ko” (e.g., Cancel),

“Move up and down,” and “Move to next or previous item.”

We also categorized the referents into high, medium, and low classes (Table 7). We did not find

any experiment designed to quantify the number of referents for which participants should be

elicited in a single trial or study. The determinants of this number are strongly contingent upon the

specific context of use, including factors such as the type of device and environment. As participants

endeavor to invent new gestures beyond a certain threshold, they encounter escalating challenges.

Over time, the process can become more challenging, leading to a tendency to propose gestures

somewhat arbitrarily, without establishing a meaningful connection to the referent, primarily

because of limited creativity. Participants may also experience difficulties recalling which gestures

they have previously proposed or employed for referents, therefore presenting the risk of repeating

a previously proposed gesture, unless permitted by the study. The constraints imposed by the device

itself can also exert an influence, where the participants may encounter difficulties envisioning the

range of novel gestures that the device is capable of detecting and recognizing.

6 GESTURES
The average number of gestures proposed across all GESs examined in our SLR was 𝑀=723

(𝑆𝐷=1354,𝑀𝑑𝑛=378,𝑀𝑖𝑛=4 [146],𝑀𝑎𝑥=12, 240 [100, 101]; see Fig. 9). After grouping the gestures

into clusters of identical or similar types, the average number of proposed gestures reduced to

𝑀=88 (𝑆𝐷=221,𝑀𝑑𝑛=24; see Fig. 10). Of these, an average of𝐶=21 was selected to form consensus

gesture sets. Often,𝐶 is smaller than the number of referents, since one gesture may be assigned to

more than one referent, thus posing some ambiguity. For example, a GES for multiple devices [132]

collected 1,047 gestures for 14 referents using several devices, but the gestures were captured

by different devices. In the original method [137], if the same gesture is proposed for multiple

referents, then a conflict resolution process assigns the gesture with the highest agreement to the

first referent, and the next referent receives the second most agreed gesture. Many studies did not

use this step, although it was part of the original GES procedure.

In our examination of the gestures extracted from the GESs analyzed in our SLR, we observed

varying formats, methodologies, and approaches employed to present the outcomes of a GES. Some

of them primarily aim to compare, investigate, or establish taxonomies for gestures. Consequently,
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Table 5. Number and percentage of referents found in the GESs analyzed in our SLR.

Number of Referents Percentage

Perform action (581) 14%

Scale (291) 7%

Move to next (225)

5%

Select (223)

Move to previous (217)

Draw object, letter, number, or symbol (185)

Rotate (185)

Move all direction (178)

4%

Increase value (149)

Decrease value (148)

Deactivate (144)

Activate (155)

Open (132)

3%

Delete (104)

Create (89)

2%

Move up (80)

Move down (74)

Close (77)

Play (72)

Move left (70)

Ok (accept) (71)

Ko (cancel) (68)

Stop (65)

Move to item (64)

Move right (58)

1%

Copy (53)

Move to home (45)

Pause (42)

Help (32)

Answer call (31)

Search (29)

End call (22)

Save (19)

<1%

Edit (18)

Menu (activate menu) (18)

Decline call (17)

Send (15)

Notification (14)

Move to end (8)

Group (7)

Place call (7)

Ungroup (4)

Ignore call (4)

Emergency call (3)
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Table 6. Classification example of the referents extracted from the GESs analyzed in our SLR.

Referent Generic Referent Function Type Function Subtype

Music Player Move to item Manipulate Menus

Navigation System Move to item Manipulate Menus

Generic Help Move to item Manipulate Menus

Home/Menu access Move to home Manipulate Menus

List Up Move up Manipulate Menus

List down Move down Manipulate Menus

Play Play Activate Execute

Stop Stop Activate Execute

Next Song Move to next Manipulate Menus

Previous Song Move to previous Manipulate Menus

Volume Increase Increase value Manipulate Menus

Volume Decrease Decrease value Manipulate Menus

Zoom In Scale Manipulate Navigation

Zoom Out Scale Manipulate Navigation

Pan Map Move left, Move right, Move up, Move down Manipulate Navigation

Rotate Map Rotate Manipulate Navigation

New Destination Search Perceive Search

On/Off Activate/Deactivate Activate Execute

Increase Brightness Increase value Manipulate Menus

Decrease Brightness Decrease value Manipulate Menus

Increase Fan Speed Increase value Manipulate Menus

Decrease Fan Speed Decrease value Manipulate Menus

Auto Mode On Activate Activate Execute
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Fig. 9. Distribution of the number of proposed gestures per GES (min=minimum, med=median,

max=maximum, avg=average).

these studies may not provide a comprehensive list of all the gestures resulting from their investi-

gations. To illustrate this observation with an example, Ousmer et al. [83] put forth an ontology

for structuring body-based gestures. While this study conducted a GES as a proof of concept,

the paper enumerated various gesture categories (e.g., “Swipe”, “Rotate a control knob”, “Tap”,

“Raise”, “Remote control”, “Point with fingers”, “Shape a phone”, and “Press”) without depicting the
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Table 7. Results of the referent classification.

Function Type
Category Function (number/Total number of

Referents)
Percentage

High

Manipulate (
2,086
4,106

) 50%

Activate (
1,365
4,106

) 33%

Medium

Indicate (
223

4,106
) 5%

Create (
215

4,106
) 5%

Low

Communicate (
123

4,106
) 3%

Eliminate (
107

4,106
) 3%

Perceive (
31

4,106
) 1%

Function Subtype
Category Function (number/Total number of

Referents)
Percentage

High

Navigation (
1,668
4,106

) 40%

Execute 1364 (
1,364
4,106

) 33%

Medium

Menus (
420

4,106
) 10%

Select (
223

4,106
) 5%

Low

Associate (
102

4,106
) 3%

Remove (
103

4,106
) 3%

Phone (
91

4,106
) 2%

Replicate (
59

4,106
) 1%

Introduce (
42

4,106
= 1%) 1%

Notification (
31

4,106
) 1%

Search (
31

4,106
) 1%

Assemble (
16

4,106
) < 1%

Disassemble (
4

4,106
) < 1%

Identify (
0

4,106
) 0%
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Fig. 10. Distribution of the number of agreed gestures per GES (min=minimum, med=median, max=maximum,

avg=average).
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Swipe 
11%

Move 
10%

Draw 
9%

Tap 
8%

Use thumbs 
5%

Point 
5%

Pinch 
3%

Fig. 11. Elicited gestures presented in descending order of users’ preferences.

resulting gestures or specifying which gesture corresponds to which referent. Instead, the paper

offered video where examples of the elicited gestures could be viewed. Additionally, two studies

by Modanwal et al. [70, 71] explored static gestures involving the extension of individual fingers.

These gestures were not tied to specific tasks or objects, but rather associated to letters, numbers,

symbols, and special characters. Schipor et al. [96] investigated gestures related to pointing to

specific locations in a room to access digital content. The study examined various ways in which

the participants performed pointing actions in the room, including the index finger, hand, pinching,

or tapping. Similarly, Medrano et al. [78] concentrated on the diverse methods that the participants

in their study used to point to specific places. In contrast, Sharma et al. [99] identified various

micro-gestures that users employed when interacting with objects and how they grasped those

objects, e.g., grabbing, pinching, or clawing.

We counted the times that a gesture was repeatedly found in the 267 GESs considered in our

analysis. To know which gestures were repeated more frequently in our corpus, we were confronted

with the problem of how the gestures were described, associated to referents, or named in different

ways and, thus, we used all of the available information, such as the accompanying illustrations

from the corresponding papers. For example, the gesture of moving the hand in different directions

was referred by Zaiti et al. [145] and Dong et al. [27] using “Move hand up”, “Move hand down”,

“Move the hand from right to left” or “Move hand left”, while moving the hand horizontally appeared

in Dim et al. [26] as “Palm up”, “Palm down”, “Swipe hand to left” and “Swipe hand to the right.”

Our analysis resulted in a total number of 2, 304 gestures, ranked as follows (Fig. 11): Swipe (11%),

Move (10%), Draw (9%), Tap (8%), Use Thumbs (5%), Point (5%), Pinch (3%), Drag (3%), Rotate (3%),

Turn (3%), Fist use, Push, Touch, Grab, Press, Slide, Pull, Flick, Ok sign (2%); Wave, Click, Clap,

Cross, Spread, Bend, Thumb(s) up, Shake, Pinch in, Pinch out, Step, Put, Open hand, Stop sign (1%),

Splay, Splash, Spin, Raise, Jump, X sign, Thumb down, and Close hand (<1%).

6.1 Gesture Representation
To analyze the representation of the gestures extracted from the GESs analyzed in our SLR, we

employed two taxonomies:

(1) McAweeney et al. [69] focused on different quality factors of the gesture representation., while

Peshkova et al. [85] represented the gestures and commands proposed by the participants in

two mapping tables: by Perspective (e.g., third person, mirror, and bird’s eye), Frame (e.g., one

or many frames, especially when the gesture was complex), Body context (e.g., upper-body

vs. full-body), Environmental context (e.g., according to the physical objects found in the

surrounding), Color, and Gesture element (e.g., 1-Sided Arrow, 2-Sided Arrow, Dotted lines,

Finger Trail, Other motion lines, Ghost). The result of our analysis of the representation of

the gestures found in the 267 GESs is presented in Table 8.

(2) Bernsen [10] proposed a classification of interaction modalities structured into 20 generic

levels further grouped into 4 super levels. According to this classification, Peshkova et al. [85]

employs a Super level in Linguistic modalities, a Generic level (Standard analog graphic
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Fig. 12. Users’ preferences for the direction of the elicited gestures.

element and Standard non-analog graphic), an Atomic level equal to “5b. Written lab”, and so

forth. Table 9 shows the results of this classification.

6.2 Gesture Classification
We also used the gesture classification proposed by Aigner et al. [1]. While this classification

primarily focuses on hand gestures, we extended it to encompass gestures performed by other

body parts as well. For instance, Lee et al. [53] d gestures performed with the feet, and Yan et

al. [143] with the head, as illustrated in Fig. 13. Additionally, we utilized the taxonomy presented

in Table 10 for a secondary classification. This taxonomy draws inspiration from the classifications

used by Piumsomboon et al. [88] for Augmented Reality gestures and Obaid et al. [81] for whole-

body gestures designed to control humanoid robots. Both of these taxonomies were adapted from

Wobbrock et al. [138]. The findings, summarized in Table 10, are as follows:

(1) Form. Most of the gestures proposed by the participants of GESs involve some form of move-

ment, which suggests that participants tend to prefer gestures with a dynamic component.

(2) Body part. In our microscopic analysis of the elicited gestures, we found that the area of the

body most used to perform gestures was the middle body, such as the hands, arms, belly,

wrist, and most of the gestures were proposed with the fingers, hands, wrists, and the arms.

(3) Nature.Most of the elicited gestures are the representation of a simulation that the user is

performing an action. A minority of the gestures represent icons or symbols.

(4) Symmetry.Most of the gestures were carried out unilaterally. Studies such as [11] and [83]

revealed that gestures are performed mostly on the dominant side of the body. There is a
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Table 8. Gesture representations according to McAweeney et al.’s taxonomy [69].

Criteria Classification Number of GES Percentage

Perspective

1st Person 82 31%

3st Person 61 23%

Mirror 59 22%

Bird’s eye 23 9%

Side angle 33 12%

Frame Single 170 64%

Multi 90 34%

Body context

Full-Body 32 12%

Lower-Body 3 1%

Upper-body 56 21%

Other part body 128 48%

Environment Physical Objects 144 54%

Virtual Objects 65 24%

Color Yes 138 52%

No 76 28%

Gesture Elements

1-Sided Arrow 151 57%

2-Sided Arrow 82 31%

Dotted lines 47 18%

Ghost 78 29%

Finger Trail 130 49%

Other motion lines 97 36%

Touchpoints 94 35%

Text 130 49%

Numbers 56 21%

Bending joints 7 3%

Axis 16 6%

Table 9. Gesture representations according to Bernsen’s taxonomy [10].

Super level Generic level Atomic level Sub-Atomic level

Linguistic modalities 204 (76%)

1. Sta. an. graphic ele. 129 (48%)

5. Sta. non-an. graphic 150 (56%)

5a. Written text 70 (26%)

5a1. Typed text 65 (24%)

5a2. Hand-writ text 2 (1%)

5b. Written lab. 96 (36%)

5b1. Typed lab. 91 (34%)

5b2. Hand-writ la 5 (2%)

Analogue modalities 91 (34%) 9. Static graphic 98 (37%)

9a. Images 92 (34%)

9b. Maps 3 (1%)

9d. Graphs 3 (1%)

Arbitrary modalities 1 (<1%) 13. Sta. Graphic 1 (<1%)

small difference between bilateral symmetry and bilateral asymmetry. However, users tend

to prefer performing gestures in the same way with both body sides.

(5) Locale. The gestures selected in our sample were performed in the air. Few studies combine

gestures performed with one hand in the air and another hand on a surface [8], a condition

often referred to as “Air+Touch” gestures.
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Fig. 13. Gesture classification according to the taxonomy of Aigner et al. [1]. Pointing gestures are used

to show a particular location or object. Pantomimic acting gestures are used to depict an action or object.

Manipulation gestures are used to control objects physically. Semaphoric gestures are used to convey meaning

through symbolic representation. Iconic gestures are used to imitate an object or concept.

Table 10. Gesture taxonomies used for analyzing the gestures in our SLR.

Form Static Gesture The body parts are kept in the same position during gesture articulation 10%

Dynamic Gesture There is displacement by any body part to perform the gesture 90%

Body part

Upper body Body parts located from the shoulders to the head (e.g., head, nose, ears) 3%

Middle body Hand, wrist, finger, arm, chest, belly, and elbow 88%

Lower body Body parts located from the hip to the feet (e.g., legs, knee, feet, toes) 3%

Full body Use two body zones or the whole body 6%

Nature

Deictic The gesture is indicating a position or direction 19%

Iconic The gesture represents an icon or symbol 15%

Miming The gesture is equal to the referent or acts a pantomime of an action 39%

Physical The gesture acts physically on objects 28%

Symmetry
Unilateral The gesture is executed only with one side of the body 72%

Bilateral symmetric The gesture is performed in the same way with both sides of the body 15%

Bilateral asymmetric The movements involving the two body sides are not the same 13%

Locale
On the object The gesture involves a contact with a real physical object 35%

In the air The gesture occurs in the air with no physical contact 64%

Mixed locales The gesture involves both locales 1%

6.3 Gesture Inventory
The primary focus of our research is identifying the most prevalent mappings between referents

and gestures. We aim to determine if there exists a significant occurrence where users associate

a specific gesture with a particular referent. To achieve this, we consider three key aspects: the

study’s referent, the general referent description, and the associated gesture. It is worth noting that

when a study proposed one, two, or three gestures with a substantial consensus for a referent, we

recorded all of these associations. The number of gestures linked to each referent varies across
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studies. In cases where studies concentrate on taxonomies, ontologies, or gesture classifications,

they often list the gestures acquired without assigning them to specific referents. For instance,

Ousmer et al. [83] and Cui et al. [23] provided video links as supplementary materials, possibly

due to page limitations. Taralle et al. [113], on the other hand, assigned a unique gesture to each

referent, distinct from all other gestures, with the goal of reducing ambiguity. Vanderdonckt et

al. [119], Uva et al. [118], and Nanjappan et al. [76] proposed a primary gesture for each referent,

but also listed additional gestures that received high consensus. Table 11 presents the associations

that we identified in our analysis.

7 RECOMMENDATIONS AND FUTUREWORK
Based on the findings reported in the previous sections, we propose a number of avenues for

conducting future end-user gesture elicitation studies. These recommendations are intended for

researchers and practitioners who wish to examine users’ preferences for intuitive gesture input

and design gesture sets reflective of these preferences. We suggest the following:

Conduct GESs for all body parts. Human body parts having little or no coverage in our

analysis, such as the knees, eyes, tongue, or chest, deserve dedicated GESs to understand users’

preferences for gestures articulated with or involving these body parts. Furthermore, very few

GESs have explored gestures for the belly, nose, ear, and feet. In principle, every moving limb of

the human body can serve as input to an interactive computer system.

Use the term “referent” in a systematic manner. We recommend that the term “refer-

ent“ be used instead of associated concepts, such as tasks, commands, actions, or executions in

GESs, to avoid any confusion and foster a common vocabulary across GES practitioners. Fur-

thermore, we recommend that GESs specify how the referent was rendered, according to which

representation. Instead of predefining the referents, future GESs could let participants decide the

referents by themselves, representing the functions of an interactive computer system that are

relevant to them or even be conducted in a referentless manner. Additionally, GESs could be

conducted with or without an experimenter, namely to give more freedom to participants and avoid

the Hawthorne or other carry-over effects.

Conduct GESs with cutting-edge devices. We recommend conducting GESs with cutting-

edge devices issued with the latest gesture technology available, [126], depth cameras, etc. For

instance, Augmental has developed MouthPadˆ, a tongue-driven interface that can be used to

control a computer, smartphone, or tablet via Bluetooth, for which we recommend a dedicated GES

involving both users with and without motor impairments. Also, Şiean et al.[102] examined possi-

bilities for placing radar sensors in a smart living room, but no GESs were conducted to understand

users’ preferences for those placements and the kind of gestures that are comfortable to articulate

with respect to those placements. Another example is Villarreal et al. [128], who conducted a

GES with an interactive cushion to explore user-defined squeeze gestures. We recommend that

other objects, with different form factors, be investigated to extend the design knowledge in this area.

Describe the context of use. The three classical facets of a context of use are end users

and potential referents, the object/device/platform, and the physical and psychological environ-

ment in which the GES is conducted [17]. These three facets should be systematically and thoroughly

specified when describing a GES, preferably using common terminology to foster incremental

research. A potential approach would be deriving a dedicated taxonomy for GES, inspired by the

body parts involved in gesture articulation and the International Classification of Functioning,

ACM Comput. Surv., Vol. 1, No. 1, Article . Publication date: December 2023.

https://www.augmental.tech/
https://vimeo.com/818500537
https://www.who.int/standards/classifications/international-classification-of-functioning-disability-and-health
https://www.who.int/standards/classifications/international-classification-of-functioning-disability-and-health


Brave New GES World: A Systematic Literature Review of Gestures and Referents in Gesture Elicitation Studies 27

Table 11. Associations between gestures and referents.

Gesture (number of associations) Referent Percentage

Move/Swipe left (99)

Move to previous 24%

Move left 21%

Move to next 9%

Decrease value 8%

Move right 7%

Perform action 6%

Increase value 5%

Move down

<5%Deactivate

Cancel

Move/Swipe right (83)

Move to next 29%

Move right 20%

Move to previous 10%

Perform action

<5%

Move up

Move left

Increase value

Decrease value

Move to home

Move/Swipe up (95)

Increase value 34%

Move up 25%

Decrease value 11%

Perform action 9%

Move to next 6%

Move down

<5%Deactivate

Move to previous

Move/Swipe down (84)

Move down 25%

Decrease value 23%

Move up 10%

Increase value 6%

Move to previous

<5%Perform action

Move left

Tap (275)

Select 22%

Perform action 15%

Play

5%

Call

Open

<5%

Close

Stop

Ok

Cancel

Pause

Deactivate

Activate

Delete

Pinch (110)

Scale (zoom) 63%

Perform action 11%

Select 3%

Point (150)

Select 25%

Perform action 14%

Decrease value

<5%

Increase value

Deactivate

Play

Stop

Rotate/turn/spin (198)

Rotate 33%

Move 23%

Perform action 14%

Deactivate 7%

Draw (271)

Open 11%

Perform action 8%

Move to item 6%

Rotate 5%

Cancel

<5%

Play

Select

Ok

Move up, down, right, left

Increase value

Decrease value

Close

Deactivate
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Disability and Health (ICF).

Replicate GESs with different formats and types. The RepliGES [39] conceptual space for
GESs distinguishes among eight types of GES replications, such as using the same or new data,

same or new participants, same or new population, and same or new goal, in order to consolidate

the GES body of knowledge. This aspect is crucial since designing a gesture vocabulary by relying

on a single GES may overlook other potential gesture alternatives. For example, Gheran et al. [36]

showed that a simple replication of a previous GES conducted with smart rings [38] can lead to a

significant portion of gestures not discovered in the original study. Unfortunately, only a few types

of GES replications have been achieved insofar.

Properly calibrate the referents and parameters of GESs. Table 12 summarizes the values

of all metrics computed in this SLR, thus helping any future GES to calibrate its parameters. For

example, the average number of referents is 𝑁𝑅𝑒𝑓 =16 (ompared to the previous finding [129] of

𝑁=20). This result constitutes an argument to calibrate any future GES against this value, but also a

risk of overfitting to this value. Furthermore, conducting studies with fewer referents makes sense,

given that users can memorizes only a limited number of gestures [75].

Assign each referent to a single action. Referents are understood in a more unambigu-

ous way when they are associated with a single action at a time, rather than abstract actions

covering multiple interpretations. For instance, single-action referents, such as “Turn TV on”,

“Increase volume”, “Go right”, are more easily understood than multi-action referents, such as “Find

a place in Google Maps”, “Fly to the place marked with an X”, “Navigate in a website”. Another

example is related to directions (Fig. 12): referents related to movement or navigation should be

set for each direction, such as “Up”, “Down”, “Left”, “Right”, “Forward”, “Backward”, “Clockwise’,

and “Counterclockwise.” Referents related to commands executed in a smart environment or with a

smart device are preferably defined according to a simple sentence scheme, consisting of an action

verb followed by a noun referring to the concept affected by the action and followed by parameters.

For instance, “Turn TV on”, “Move Drone left”, “Raise hand vertically”, foster defining referents by

hierarchical and congruent representations. Furthermore, using the verbs “Increase” or “Decrease”

should refer to a variable, such as volume, temperature, light level, or object size.

Generalize the referent. If the referent is specific to a particular environment or context of

use, a generic referent could be preferable over a specific one. Even if the referent is manipulated

in a specific context, its generic formulation would help it be transposed, related, and possibly

generalized to new contexts of use. For instance, the navigation within a list, a pull-down menu, or

a 3D menu, could be termed as “Next item”, “Previous item”, “First item”, or “Last item” in a more

generic way. When a particular object, such as involved by a tangible UI, is used for capturing

gestures, the referent should not mention the specific device, but rather abstract its actions.

Determine the most appropriate representation for the referents. While McAweeney et

al. [69] identified the most frequent and common referent representations used in GESs, it remains

to formulate recommendations for the representation of referents according to the context of use,

e.g., following Fothergill et al. [33]. Video, with or without text, is best for ensuring the correctness

of coding the collected gestures, while image and text are best for coverage.

Consider new referents in new environments. The gestures proposed by participants

in a 2D setup do not easily transpose to other setups, such as in 3D. As a consequence, more GESs
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are required to explore user-defined gestures for the same referents when used in another environ-

ment. For instance, we recommend that environments such as Augmented Reality (AR), eXtended

Reality (XR), and the metaverse, be investigated, keeping in mind that their novelty can also prevent

participants from proposing new gestures that fully take advantage of the characteristics of those

environments. Sometimes, participants’ curiosity when they discover a new device or environment

takes precedence over their creativity.

Collect one gesture per referent and participant. While some GES procedures allow

collecting several different gestures for the same referent [16] or even to repeat a gesture for

different referents, we believe it is best to focus on a single gesture per referent and participant to

avoid potential conflicts in mapping gestures to system functions. As a result, participants may

run out of ideas and come up with nonsensical gestures that may not be related to the referents, a

hypothesis that remains to be verified.

Prefer hierarchical, congruent referents and gestures. When the vocabulary includes

gestures associated with opposite, symmetrical referents, it is preferable for the referents to be

defined hierarchically and congruently so that the associated gestures are also hierarchical and

congruent. For example, the referent “Turn TV On" could be associated with a sequence of three

gestures, one for each term, rather than a single gesture for the whole referent, reducing thus the

number of gestures to be remembered by combining them. Similarly, the distribution between

the opposite directions of gestures, such as “Left” vs. “Right”, “Up” vs. “Down”, “Clockwise” vs.

“Anti-clockwise”, “Forward” and “Backward,” could be compared to the distribution of opposite

referents.

Conduct GESs with multiple perspectives. Collecting gestures from participants remains a

time-consuming task, whether it is for elicitation, identification, or training a gesture recognizer [33].

Therefore, it might be appropriate to consider multiple perspectives at once when the gestures are

collected, such as with multiple instances of the same device (e.g., a Microsoft Kinect positioned to

capture movement in the transversal and sagittal planes of the body) or using different devices

in combination. For example, zenithal gestures captured from a ceiling-anchored 3D camera [65]

can offer a new perspective for mid-air gestures that fosters user privacy. A quantitative measure,

coined as the Variant Rate, could estimate, on a scale from 0 to 1, the variation with which gestures

are similar or different for the same referent when issued in different perspectives. A score of 0

would indicate no variation, while a score of 1 would indicate that all gestures classified under the

same name were performed differently. For instance, Sluÿters et al. [105] collected gestures using

two radars and a Leap Motion Controller that were subsequently subject to validation for efficient

recognition [106].

Determine the optimization approach and the computational complexity of the GES.
To ensure transparency and reproducibility of the research results, GESs should include a detailed

description of the research methodology used during the study. This recommendation helps other

researchers and practitioners understand the steps taken to study the gestures proposed by the

end users through various optimization approaches, including taxonomic [6, 81, 83, 88, 138], prag-

matic [12, 78, 111, 113], semantic [1, 109], syntactic [70, 89], functional [89], cultural [14, 28, 67],

developmental [22, 95, 109], neurocognitive [109, 112, 118], or naturalistic systems [18, 140].

Clarify and follow up the GES results against those obtained with other types of
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Table 12. Summary of the metrics employed in our SLR.

Metric Minimum Maximum Average Std. Dev.

Number of authors 1 10 3 1.8

Number of Google Scholar citations 0 1,273 34 99.17

Number of Participants 1 340 25 28.62

Male/Female Ratio -1 14 1.82 1.98

Number of Referents 1 120 16 13.49

Number of Gestures proposed 4 12,240 723 1,354

Number of Agreed gestures 1 1,707 88 221

Agreement Score 0.01 1 0.31 0.23

Agreement Rate 0.004 1 0.25 0.2

user studies. Identification studies [5] implement the inverse process of a GES, in which a prede-

fined list of gestures is presented to participants to elicit referents. The results of an identification

study may corroborate, invalidate, or clarify those obtained with a GES. For instance, Sluÿters

et al. [107] conducted a multi-context GES for eliciting mid-air hand gestures to interact with

multimedia content presented on a large vertical display. The resulted gesture vocabulary has

been subjected to gesture recognition to determine to what extent user-defined gestures can be

recognized by a system, but it could equally be followed up by an identification study where new

participants are asked to identify suitable referents from a list of gestures performed in relation to

a large display.

8 OPEN DATA
We established a repository at https://tinyurl.com/brave-new-ges-world-data, where we provide

access to the files containing the unprocessed data utilized in our analysis. Additionally, our

Zotero collection, which includes the GES references evaluated in this SLR, can be found at

https://www.zotero.org/groups/2132650/gesture_elicitation_studies.

9 CONCLUSION
We conducted a systematic literature review of gesture elicitation studies, their referents, and

corresponding gesture vocabularies by examining a corpus of N=267 studies conducted with 6,659

participants and 4,106 referents, which elicited a grand total of 187,265 individual gestures (see

Table 12). To foster future exploration of these data, we give access to our online collection along

with its dedicated visualization tool.We also refer readers to our web site to access the corresponding

sources and various outcomes of our SLR, such as the set of papers, our spreadsheet file comprising

the detailed comparison of the 267 GESs, and the visualizations of the specific measures employed

in this work. We hope that the findings we unveiled about the characteristics and outcomes of

end-user gesture elicitation studies will be useful to researchers and practitioners interested in

leveraging the gesture elicitation method towards innovations in gesture-based interaction for

computer systems.

ACKNOWLEDGMENTS
The authors are grateful to the anonymous ACM CSUR reviewers, whose suggestions helped

improve this manuscript. The authors acknowledge funding received by Wallonie-Bruxelles-

International (WBI), Belgium, under grant SUB/2021/519018 and UEFISCDI, Romania, under grant

ACM Comput. Surv., Vol. 1, No. 1, Article . Publication date: December 2023.

https://tinyurl.com/brave-new-ges-world-data
https://www.zotero.org/groups/2132650/gesture_elicitation_studies
http://www.wbi.be
http://www.wbi.be
https://uefiscdi.gov.ro/


Brave New GES World: A Systematic Literature Review of Gestures and Referents in Gesture Elicitation Studies 31

PN-III-CEI-BIM-PBE-2020-0001/1BM/2021 (Project “RadarSense”). Santiago Villarreal-Narvaez and

Jean Vanderdonckt are supported by the EU EIC Pathfinder-Awareness Inside challenge "Symbiotik"

project (1 Oct. 2022-31 Dec. 2026) under Grant no. 101071147. While the initial version of this paper

was written when Santiago Villarreal-Narvaez was at Université catholique de Louvain, the final

revision took place when the author was at the University of Namur, for which we acknowledge

funding of the OPTIMIS project by Pôle MecaTech (Convention nr. 8564). We are very grateful to

Prof. Bruno Dumas, the leader of this project, for this opportunity. Arthur Sluÿters is funded by the

Fonds de la Recherche Scientifique - FNRS under Grants n°40001931 and n°40011629.

REFERENCES
[1] Roland Aigner, Daniel Wigdor, Hrvoje Benko, Michael Haller, David Lindbauer, Alexandra Ion, Shengdong Zhao, and Jef-

frey Tzu Kwan Valino Koh. 2012. Understanding Mid-Air Hand Gestures: A Study of Human Preferences in Usage of Gesture

Types for HCI. Technical Report MSR-TR-2012-111. Microsoft. https://www.microsoft.com/en-us/research/publication/

understanding-mid-air-hand-gestures-a-study-of-human-preferences-in-usage-of-gesture-types-for-hci/

[2] Ahmad Sami Al-Shamayleh, Rodina Ahmad, Mohammad A. Abushariah, Khubaib Amjad Alam, and Nazean Jomhari.

2018. A Systematic Literature Review on Vision Based Gesture Recognition Techniques. Multimedia Tools Appl. 77, 21

(nov 2018), 28121–28184. DOI:http://dx.doi.org/10.1007/s11042-018-5971-z
[3] Jason Alexander, Teng Han,William Judd, Pourang Irani, and Sriram Subramanian. 2012. Putting Your Best Foot Forward:

Investigating Real-world Mappings for Foot-based Gestures. In Proceedings of the ACM Conference on Human Factors in

Computing Systems (CHI ’12). ACM, New York, NY, USA, 1229–1238. DOI:http://dx.doi.org/10.1145/2207676.2208575
[4] Abdullah X. Ali, Meredith Ringel Morris, and Jacob O. Wobbrock. 2018. Crowdsourcing Similarity Judgments for

Agreement Analysis in End-User Elicitation Studies. In Proceedings of the 31st Annual ACM Symposium on User Interface

Software and Technology (UIST ’18). ACM, New York, NY, USA, 177–188. DOI:http://dx.doi.org/10.1145/3242587.3242621
[5] Abdullah X. Ali, Meredith Ringel Morris, and Jacob O. Wobbrock. 2019. Crowdlicit: A System for Conducting Distributed

End-User Elicitation and Identification Studies. In Proceedings of the 2019 CHI Conference on Human Factors in Computing

Systems (CHI ’19). ACM, New York, NY, USA, 1–12. DOI:http://dx.doi.org/10.1145/3290605.3300485
[6] Leonardo Angelini, Francesco Carrino, Stefano Carrino, Maurizio Caon, Omar Abou Khaled, Jürgen Baumgartner,

Andreas Sonderegger, Denis Lalanne, and Elena Mugellini. 2014. Gesturing on the Steering Wheel: A User-elicited

Taxonomy. In Proceedings of the 6th International Conference on Automotive User Interfaces and Interactive Vehicular

Applications (AutomotiveUI ’14). ACM, New York, NY, USA, 1–8. DOI:http://dx.doi.org/10.1145/2667317.2667414
[7] Leonardo Angelini, Denis Lalanne, Elise van den Hoven, Omar Abou Khaled, and Elena Mugellini. 2015. Move,

Hold and Touch: A Framework for Tangible Gesture Interactive Systems. Machines 3, 3 (2015), 173–207. DOI:http:
//dx.doi.org/10.3390/machines3030173

[8] Ilhan Aslan, Tabea Schmidt, Jens Woehrle, Lukas Vogel, and Elisabeth André. 2018. Pen+Mid-Air Gestures: Eliciting

Contextual Gestures. In Proceedings of the 20th ACM International Conference on Multimodal Interaction (ICMI ’18). ACM,

New York, NY, USA, 135–144. DOI:http://dx.doi.org/10.1145/3242969.3242979
[9] Gilles Bailly, Thomas Pietrzak, Jonathan Deber, and Daniel J. Wigdor. 2013. MéTamorphe: Augmenting Hotkey Usage

with Actuated Keys. In Proceedings of the ACM Conference on Human Factors in Computing Systems (CHI ’13). ACM,

New York, NY, USA, 563–572. DOI:http://dx.doi.org/10.1145/2470654.2470734
[10] Niels Ole Bernsen. 1994. Foundations of multimodal representations: a taxonomy of representational modalities.

Interacting with Computers 6, 4 (1994), 347–371. DOI:http://dx.doi.org/https://doi.org/10.1016/0953-5438(94)90008-6
[11] Sabrina S. Billinghurst and Kim-Phuong L. Vu. 2015. Touch screen gestures for web browsing tasks. Computers in

Human Behavior 53 (2015), 71–81. DOI:http://dx.doi.org/10.1016/j.chb.2015.06.012
[12] Roger Boldu, Alexandru Dancu, Denys J.C. Matthies, Pablo Gallego Cascón, Shanaka Ransir, and Suranga Nanayakkara.

2018. Thumb-In-Motion: Evaluating Thumb-to-Ring Microgestures for Athletic Activity. In Proceedings of the Symposium

on Spatial User Interaction (SUI ’18). ACM, New York, NY, USA, 150–157. DOI:http://dx.doi.org/10.1145/3267782.3267796
[13] Pearl Brereton, Barbara A. Kitchenham, David Budgen, Mark Turner, and Mohamed Khalil. 2007. Lessons from

applying the systematic literature review process within the software engineering domain. Journal of Systems and

Software 80, 4 (2007), 571 – 583. DOI:http://dx.doi.org/https://doi.org/10.1016/j.jss.2006.07.009 Software Performance.

[14] Icaro Brito, Eduardo Freire, and Elyson Carvalho. 2019. Analysis of Cross-Cultural Effect on Gesture-Based Human-

Robot Interaction. International Journal of Mechanical Engineering and Robotics Research 8, 6 (2019), 852–859. DOI:
http://dx.doi.org/10.18178/ijmerr.8.6.852-859

[15] Thisum Buddhika, Haimo Zhang, Samantha W. T. Chan, Vipula Dissanayake, Suranga Nanayakkara, and Roger

Zimmermann. 2019. fSense: Unlocking the Dimension of Force for Gestural Interactions Using Smartwatch PPG Sensor.

In Proceedings of the 10th International Conference on Augmented Human (AH2019). ACM, New York, NY, USA, 1–5.

ACM Comput. Surv., Vol. 1, No. 1, Article . Publication date: December 2023.

http://www.eed.usv.ro/mintviz/projects/RadarSense/index.php
http://symbiotik-infovis.eu/
https://directory.unamur.be/staff/bdumas?_LOCALE_=en
https://www.frs-fnrs.be/en/
https://www.microsoft.com/en-us/research/publication/understanding-mid-air-hand-gestures-a-study-of-human-preferences-in-usage-of-gesture-types-for-hci/
https://www.microsoft.com/en-us/research/publication/understanding-mid-air-hand-gestures-a-study-of-human-preferences-in-usage-of-gesture-types-for-hci/
http://dx.doi.org/10.1007/s11042-018-5971-z
http://dx.doi.org/10.1145/2207676.2208575
http://dx.doi.org/10.1145/3242587.3242621
http://dx.doi.org/10.1145/3290605.3300485
http://dx.doi.org/10.1145/2667317.2667414
http://dx.doi.org/10.3390/machines3030173
http://dx.doi.org/10.3390/machines3030173
http://dx.doi.org/10.1145/3242969.3242979
http://dx.doi.org/10.1145/2470654.2470734
http://dx.doi.org/https://doi.org/10.1016/0953-5438(94)90008-6
http://dx.doi.org/10.1016/j.chb.2015.06.012
http://dx.doi.org/10.1145/3267782.3267796
http://dx.doi.org/https://doi.org/10.1016/j.jss.2006.07.009
http://dx.doi.org/10.18178/ijmerr.8.6.852-859


32 Santiago Villarreal-Narvaez et al.

DOI:http://dx.doi.org/10.1145/3311823.3311839
[16] Francesco Cafaro, Leilah Lyons, and Alissa N. Antle. 2018. Framed Guessability: Improving the Discoverability of

Gestures and Body Movements for Full-Body Interaction. In Proceedings of the ACM Conference on Human Factors in

Computing Systems (CHI ’18). ACM, New York, NY, USA, 1–12. DOI:http://dx.doi.org/10.1145/3173574.3174167
[17] Gaëlle Calvary, Joëlle Coutaz, David Thevenin, Quentin Limbourg, Laurent Bouillon, and Jean Vanderdonckt. 2003. A

Unifying Reference Framework for multi-target user interfaces. Interacting with Computers 15, 3 (2003), 289–308. DOI:
http://dx.doi.org/10.1016/S0953-5438(03)00010-9

[18] Jessica R. Cauchard, Jane L. E, Kevin Y. Zhai, and James A. Landay. 2015. Drone & Me: An Exploration into Natural

Human-drone Interaction. In Proceedings of the ACM International Joint Conference on Pervasive and Ubiquitous Computing

(UbiComp ’15). ACM, New York, NY, USA, 361–365. DOI:http://dx.doi.org/10.1145/2750858.2805823
[19] Edwin Chan, Teddy Seyed, Wolfgang Stuerzlinger, Xing-Dong Yang, and Frank Maurer. 2016. User Elicitation on

Single-hand Microgestures. In Proceedings of the ACM Conference on Human Factors in Computing Systems (CHI ’16).

ACM, New York, NY, USA, 3403–3414. DOI:http://dx.doi.org/10.1145/2858036.2858589
[20] Victor Chen, Xuhai Xu, Richard Li, Yuanchun Shi, Shwetak Patel, and Yuntao Wang. 2021. Understanding the Design

Space of Mouth Microgestures. In Proceedings of the 2021 ACM Designing Interactive Systems Conference (DIS ’21).

Association for Computing Machinery, New York, NY, USA, 1068–1081. DOI:http://dx.doi.org/10.1145/3461778.3462004
[21] Zhen Chen, Xiaochi Ma, Zeya Peng, Ying Zhou, Mengge Yao, Zheng Ma, Ci Wang, Zaifeng Gao, and Mowei Shen.

2018. User-Defined Gestures for Gestural Interaction: Extending from Hands to Other Body Parts. International Journal

of Human–Computer Interaction 34, 3 (2018), 238–250. DOI:http://dx.doi.org/10.1080/10447318.2017.1342943
[22] Sabrina Connell, Pei-Yi Kuo, Liu Liu, and Anne Marie Piper. 2013. A Wizard-of-Oz Elicitation Study Examining

Child-defined Gestures with a Whole-body Interface. In Proceedings of the ACM International Conference on Interaction

Design and Children (IDC ’13). ACM, New York, NY, USA, 277–280. DOI:http://dx.doi.org/10.1145/2485760.2485823
[23] Jian Cui, Arjan Kuijper, Dieter W. Fellner, and Alexei Sourin. 2016. Understanding People’s Mental Models of Mid-Air

Interaction for Virtual Assembly and Shape Modeling. In Proceedings of the 29th International Conference on Computer

Animation and Social Agents (CASA ’16). ACM, New York, NY, USA, 139–146. DOI:http://dx.doi.org/10.1145/2915926.
2919330

[24] Suranjith De Silva, Michael Barlow, and Adam Easton. 2013. Harnessing Multi-user Design and Computation to

Devise Archetypal Whole-of-body Gestures: A Novel Framework. In Proceedings of the 25th Australian Computer-Human

Interaction Conference (OzCHI ’13). ACM, New York, NY, USA, 85–94. DOI:http://dx.doi.org/10.1145/2541016.2541020
[25] Linda Di Geronimo, Marica Bertarini, Julia Badertscher, Maria Husmann, and Moira C. Norrie. 2017. Exploiting

Mid-air Gestures to Share Data Among Devices. In Proceedings of the 19th International Conference on Human-Computer

Interaction with Mobile Devices and Services (MobileHCI ’17). ACM, New York, NY, USA, 1–11. DOI:http://dx.doi.org/10.
1145/3098279.3098530

[26] Nem Khan Dim, Chaklam Silpasuwanchai, Sayan Sarcar, and Xiangshi Ren. 2016. Designing Mid-Air TV Gestures

for Blind People Using User- and Choice-Based Elicitation Approaches. In Proceedings of the 2016 ACM Conference on

Designing Interactive Systems (DIS ’16). ACM, New York, NY, USA, 204–214. DOI:http://dx.doi.org/10.1145/2901790.
2901834

[27] Haiwei Dong, Nadia Figueroa, and Abdulmotaleb El Saddik. 2015. An Elicitation Study on Gesture Attitudes and

Preferences Towards an Interactive Hand-Gesture Vocabulary. In Proceedings of the 23rd ACM International Conference

on Multimedia (MM ’15). Association for Computing Machinery, New York, NY, USA, 999–1002. DOI:http://dx.doi.org/
10.1145/2733373.2806385

[28] Jane L. E, Ilene L. E, James A. Landay, and Jessica R. Cauchard. 2017. Drone &Wo: Cultural Influences on Human-Drone

Interaction Techniques. In Proceedings of the 2017 CHI Conference on Human Factors in Computing Systems (CHI ’17).

Association for Computing Machinery, New York, NY, USA, 6794–6799. DOI:http://dx.doi.org/10.1145/3025453.3025755
[29] Hessam Jahani Fariman, Hasan J. Alyamani, Manolya Kavakli, and Len Hamey. 2016. Designing a User-defined Gesture

Vocabulary for an In-vehicle Climate Control System. In Proceedings of the 28th Australian Conference on Computer-

Human Interaction (OzCHI ’16). ACM, New York, NY, USA, 391–395. DOI:http://dx.doi.org/10.1145/3010915.3010955
[30] Yasmin Felberbaum and Joel Lanir. 2016. Step by Step: Investigating Foot Gesture Interaction. In Proceedings of the

ACM International Working Conference on Advanced Visual Interfaces (AVI ’16). ACM, New York, NY, USA, 306–307.

DOI:http://dx.doi.org/10.1145/2909132.2926057
[31] Yasmin Felberbaum and Joel Lanir. 2018. Better Understanding of Foot Gestures: An Elicitation Study. In Proceedings

of the 2018 CHI Conference on Human Factors in Computing Systems (2018) (CHI ’18). ACM, New York, NY, USA, 1–12.

DOI:http://dx.doi.org/10.1145/3173574.3173908
[32] Leah Findlater, Ben Lee, and Jacob Wobbrock. 2012. Beyond QWERTY: Augmenting Touch Screen Keyboards with

Multi-touch Gestures for Non-alphanumeric Input. In Proceedings of ACM Conference on Human Factors in Computing

Systems (CHI ’12). ACM, New York, NY, USA, 2679–2682. DOI:http://dx.doi.org/10.1145/2207676.2208660
[33] Simon Fothergill, Helena Mentis, Pushmeet Kohli, and Sebastian Nowozin. 2012. Instructing People for Training

ACM Comput. Surv., Vol. 1, No. 1, Article . Publication date: December 2023.

http://dx.doi.org/10.1145/3311823.3311839
http://dx.doi.org/10.1145/3173574.3174167
http://dx.doi.org/10.1016/S0953-5438(03)00010-9
http://dx.doi.org/10.1145/2750858.2805823
http://dx.doi.org/10.1145/2858036.2858589
http://dx.doi.org/10.1145/3461778.3462004
http://dx.doi.org/10.1080/10447318.2017.1342943
http://dx.doi.org/10.1145/2485760.2485823
http://dx.doi.org/10.1145/2915926.2919330
http://dx.doi.org/10.1145/2915926.2919330
http://dx.doi.org/10.1145/2541016.2541020
http://dx.doi.org/10.1145/3098279.3098530
http://dx.doi.org/10.1145/3098279.3098530
http://dx.doi.org/10.1145/2901790.2901834
http://dx.doi.org/10.1145/2901790.2901834
http://dx.doi.org/10.1145/2733373.2806385
http://dx.doi.org/10.1145/2733373.2806385
http://dx.doi.org/10.1145/3025453.3025755
http://dx.doi.org/10.1145/3010915.3010955
http://dx.doi.org/10.1145/2909132.2926057
http://dx.doi.org/10.1145/3173574.3173908
http://dx.doi.org/10.1145/2207676.2208660


Brave New GES World: A Systematic Literature Review of Gestures and Referents in Gesture Elicitation Studies 33

Gestural Interactive Systems. In Proceedings of the SIGCHI Conference on Human Factors in Computing Systems (CHI ’12).

Association for Computing Machinery, New York, NY, USA, 1737–1746. DOI:http://dx.doi.org/10.1145/2207676.2208303
[34] Euan Freeman, Gareth Griffiths, and Stephen A. Brewster. 2017. Rhythmic Micro-gestures: Discreet Interaction

On-the-go. In Proceedings of the ACM Conference on Multimodal Interaction (2017) (ICMI ’17). ACM, New York, NY, USA,

115–119. DOI:http://dx.doi.org/10.1145/3136755.3136815
[35] Mathias Frisch, Jens Heydekorn, and Raimund Dachselt. 2009. Investigating Multi-touch and Pen Gestures for Diagram

Editing on Interactive Surfaces. In Proceedings of the ACM International Conference on Interactive Tabletops and Surfaces

(ITS ’09). ACM, New York, NY, USA, 149–156. DOI:http://dx.doi.org/10.1145/1731903.1731933
[36] Bogdan-Florin Gheran, Radu-Daniel Vatavu, and Jean Vanderdonckt. 2023. New Insights into User-Defined Smart

Ring Gestures with Implications for Gesture Elicitation Studies. In Proceedings of the ACM International Conference

on Human Factors in Computing Systems, Extended Abstracts (CHI EA ’20’23), Albrecht Schmidt, Kaisa Väänänen, Tesh

Goyal, Per Ola Kristensson, and Anicia Peters (Eds.). ACM, 216:1–216:8. DOI:http://dx.doi.org/10.1145/3544549.3585590
[37] Bogdan-Florin Gheran, Jean Vanderdonckt, and Radu-Daniel Vatavu. 2018a. Gestures for Smart Rings: Empirical

Results, Insights, and Design Implications. In Proceedings of the 2018 Designing Interactive Systems Conference (2018)

(DIS ’18). ACM, New York, NY, USA, 623–635. DOI:http://dx.doi.org/10.1145/3196709.3196741
[38] Bogdan-Florin Gheran, Radu-Daniel Vatavu, and Jean Vanderdonckt. 2018b. Ring x2: Designing Gestures for Smart

Rings Using Temporal Calculus. In Proceedings of the 2018 ACMConference Companion Publication on Designing Interactive

Systems (DIS ’18 Companion). ACM, New York, NY, USA, 117–122. DOI:http://dx.doi.org/10.1145/3197391.3205422
[39] Bogdan-Florin Gheran, Santiago Villarreal-Narvaez, Radu-Daniel Vatavu, and Jean Vanderdonckt. 2022. RepliGES and

GEStory: Visual Tools for Systematizing and Consolidating Knowledge on User-Defined Gestures. In Proceedings of the

2022 International Conference on Advanced Visual Interfaces (AVI 2022), June 6–10, 2022, Frascati, Rome, Italy (AVI ’22).

ACM, New York, NY, USA, 9. DOI:http://dx.doi.org/10.1145/3531073.3531112
[40] Celeste Groenewald, Craig Anslow, Junayed Islam, Chris Rooney, Peter Passmore, and William Wong. 2016. Un-

derstanding 3D Mid-Air Hand Gestures with Interactive Surfaces and Displays: A Systematic Literature Review. In

Proceedings of the 30th International BCS Human Computer Interaction Conference: Fusion! (HCI ’16). BCS Learning &

Development Ltd., Swindon, GBR, Article 43, 13 pages. DOI:http://dx.doi.org/10.14236/ewic/HCI2016.43
[41] Robin Guérit, Alessandro Cierro, Jean Vanderdonckt, and Jorge Luis Pérez-Medina. 2019. Gesture Elicitation and

Usability Testing for an Armband Interacting with Netflix and Spotify. In Proceedings of the International Conference

on Information Technology & Systems,Advances in Intelligent Systems and Computing (ICITS ’19), Álvaro Rocha, Carlos

Ferrás, and Manolo Paredes (Eds.). Springer International Publishing, Berlin, 625–637. DOI:http://dx.doi.org/https:
//doi.org/10.1007/978-3-030-11890-7_60

[42] Hayati Havlucu, Mehmet Yarkın Ergin, İdil Bostan, Oğuz Turan Buruk, Tilbe Göksun, and Oğuzhan Özcan. 2017. It

Made More Sense: Comparison of User-Elicited On-skin Touch and Freehand Gesture Sets. In Distributed, Ambient

and Pervasive Interactions, Norbert Streitz and Panos Markopoulos (Eds.). Springer International Publishing, Cham,

159–171.

[43] Lynn Hoff, Eva Hornecker, and Sven Bertel. 2016. Modifying Gesture Elicitation: Do Kinaesthetic Priming and

Increased Production Reduce Legacy Bias?. In Proceedings of the TEI ’16: Tenth International Conference on Tangible,

Embedded, and Embodied Interaction (TEI ’16). Association for Computing Machinery, New York, NY, USA, 86–91. DOI:
http://dx.doi.org/10.1145/2839462.2839472

[44] Masoumehsadat Hosseini, Tjado Ihmels, Ziqian Chen, Marion Koelle, Heiko Müller, and Susanne Boll. 2023. Towards a

Consensus Gesture Set: A Survey of Mid-Air Gestures in HCI for Maximized Agreement Across Domains. In Proceedings

of the ACM International Conference on Human Factors in Computing Systems (CHI ’23). Association for Computing

Machinery, New York, NY, USA, Article 311, 24 pages. DOI:http://dx.doi.org/10.1145/3544548.3581420
[45] Hessam Jahani-Fariman. 2017. Developing a User-Defined Interface for In-Vehicle Mid-Air Gestural Interactions. In

Proceedings of the 22nd International Conference on Intelligent User Interfaces Companion (IUI ’17 Companion). Association

for Computing Machinery, New York, NY, USA, 165–168. DOI:http://dx.doi.org/10.1145/3030024.3038277
[46] Shaun K. Kane, Jacob O. Wobbrock, and Richard E. Ladner. 2011. Usable Gestures for Blind People: Understanding

Preference and Performance. In Proceedings of the SIGCHI Conference on Human Factors in Computing Systems (CHI ’11).

Association for Computing Machinery, New York, NY, USA, 413–422. DOI:http://dx.doi.org/10.1145/1978942.1979001
[47] Frederic Kerber, Markus Löchtefeld, Antonio Krüger, Jess McIntosh, Charlie McNeill, and Mike Fraser. 2016.

Understanding Same-Side Interactions with Wrist-Worn Devices. In Proceedings of the 9th Nordic Conference on

Human-Computer Interaction (October 23-27, 2016) (NordiCHI ’16). ACM, New York, NY, USA, 28:1–28:10. DOI:
http://dx.doi.org/10.1145/2971485.2971519

[48] Barbara Kitchenham, Rialette Pretorius, David Budgen, O. Pearl Brereton, Mark Turner, Mahmood Niazi, and Stephen

Linkman. 2010. Systematic literature reviews in software engineering – A tertiary study. Information and Software

Technology 52, 8 (2010), 792–805. DOI:http://dx.doi.org/https://doi.org/10.1016/j.infsof.2010.03.006
[49] Barry Kollee, Sven Kratz, and Anthony Dunnigan. 2014. Exploring Gestural Interaction in Smart Spaces Using Head

ACM Comput. Surv., Vol. 1, No. 1, Article . Publication date: December 2023.

http://dx.doi.org/10.1145/2207676.2208303
http://dx.doi.org/10.1145/3136755.3136815
http://dx.doi.org/10.1145/1731903.1731933
http://dx.doi.org/10.1145/3544549.3585590
http://dx.doi.org/10.1145/3196709.3196741
http://dx.doi.org/10.1145/3197391.3205422
http://dx.doi.org/10.1145/3531073.3531112
http://dx.doi.org/10.14236/ewic/HCI2016.43
http://dx.doi.org/https://doi.org/10.1007/978-3-030-11890-7_60
http://dx.doi.org/https://doi.org/10.1007/978-3-030-11890-7_60
http://dx.doi.org/10.1145/2839462.2839472
http://dx.doi.org/10.1145/3544548.3581420
http://dx.doi.org/10.1145/3030024.3038277
http://dx.doi.org/10.1145/1978942.1979001
http://dx.doi.org/10.1145/2971485.2971519
http://dx.doi.org/https://doi.org/10.1016/j.infsof.2010.03.006


34 Santiago Villarreal-Narvaez et al.

Mounted Devices with Ego-Centric Sensing. In Proceedings of the 2nd ACM Symposium on Spatial User Interaction (SUI

’14). Association for Computing Machinery, New York, NY, USA, 40–49. DOI:http://dx.doi.org/10.1145/2659766.2659781
[50] Panayiotis Koutsabasis and Panagiotis Vogiatzidakis. 2019. Empirical Research in Mid-Air Interaction: A Systematic

Review. International Journal of Human–Computer Interaction 35, 18 (2019), 1747–1768. DOI:http://dx.doi.org/10.1080/
10447318.2019.1572352

[51] Christine Kühnel, Tilo Westermann, Fabian Hemmert, Sven Kratz, Alexander Müller, and Sebastian Möller. 2011. I’m

home: Defining and evaluating a gesture set for smart-home control. International Journal of Human-Computer Studies

69, 11 (2011), 693–704. DOI:http://dx.doi.org/10.1016/j.ijhcs.2011.04.005
[52] DoYoung Lee, Youryang Lee, Yonghwan Shin, and Ian Oakley. 2018. Designing Socially Acceptable Hand-to-Face

Input. In Proceedings of the 31st Annual ACM Symposium on User Interface Software and Technology (October 14-17, 2018)

(UIST ’18). ACM, New York, NY, USA, 711–723. DOI:http://dx.doi.org/10.1145/3242587.3242642
[53] DoYoung Lee, Ian Roland Oakley, and YuRyang Lee. 2016. Bodily input for wearables: an elicitation study. HCI 1, 1

(2016), 283–285.

[54] Sang-Su Lee, Sohyun Kim, Bopil Jin, Eunji Choi, Boa Kim, Xu Jia, Daeeop Kim, and Kun-pyo Lee. 2010. How Users

Manipulate Deformable Displays As Input Devices. In Proceedings of the SIGCHI Conference on Human Factors in

Computing Systems (2010) (CHI ’10). ACM, New York, NY, USA, 1647–1656. DOI:http://dx.doi.org/10.1145/1753326.
1753572

[55] Hoo Yong Leng, Noris Mohd Norowi, and Azrul Hazri Jantan. 2017. A User-Defined Gesture Set for Music Interaction

in Immersive Virtual Environment. In Proceedings of the 3rd International Conference on Human-Computer Interaction

and User Experience in Indonesia (CHIuXiD ’17). Association for Computing Machinery, New York, NY, USA, 44–51. DOI:
http://dx.doi.org/10.1145/3077343.3077348

[56] David R. Lenorovitz, Mark D. Phillips, R.S. Ardrey, and Gregory V. Kloster. 1984. A taxonomic approach to characterizing

human-computer interaction. In G. Salvendy (Ed.), Human-Computer Interaction. (1984). Elsevier Science Publishers,

Amsterdam, Netherlands, 111–116.

[57] Xin Li, Dan Roth, and Yuancheng Tu. 2003. PhraseNet: Towards Context Sensitive Lexical Semantics. In Proceedings

of the Seventh Conference on Natural Language Learning at HLT-NAACL 2003 - Volume 4 (CONLL ’03). Association for

Computational Linguistics, Stroudsburg, PA, USA, 87–94. DOI:http://dx.doi.org/10.3115/1119176.1119188
[58] Alessandro Liberati, Douglas G. Altman, Jennifer Tetzlaff, Cynthia Mulrow, Peter C. Gõtzsche, John P.A. Ioannidis,

Mike Clarke, P. J. Devereaux, Jos Kleijnen, and David Moher. July 2009. The PRISMA statement for reporting systematic

reviews and meta-analyses of studies that evaluate health care interventions: explanation and elaboration. PLoS Medicine

6, 7 (July 2009), 1–22. DOI:http://dx.doi.org/10.1371/journal.pmed.1000100

[59] Mingyu Liu, Mathieu Nancel, and Daniel Vogel. 2015. Gunslinger: Subtle Arms-downMid-air Interaction. In Proceedings

of the 28th Annual ACM Symposium on User Interface Software &#38; Technology (UIST ’15). ACM, New York, NY, USA,

63–71. DOI:http://dx.doi.org/10.1145/2807442.2807489
[60] Yihua Lou, Wenjun Wu, Radu-Daniel Vatavu, and Wei-Tek Tsai. 2017. Personalized gesture interactions for cyber-

physical smart-home environments. Sci. China Inf. Sci. 60, 7 (2017), 072104. DOI:http://dx.doi.org/10.1007/s11432-015-
1014-7

[61] Naveen Madapana, Glebys Gonzalez, Richard Rodgers, Lingsong Zhang, and Juan P. Wachs. 2018. Gestures for Picture

Archiving and Communication Systems (PACS) operation in the operating room: Is there any standard? PLOS ONE 13,

6 (2018), e0198092. DOI:http://dx.doi.org/10.1371/journal.pone.0198092
[62] Nathan Magrofuoco, Jorge-Luis Pérez-Medina, Paolo Roselli, Jean Vanderdonckt, and Santiago Villarreal. 2019. Eliciting

Contact-Based and Contactless Gestures With Radar-Based Sensors. IEEE Access 7 (2019), 176982–176997. DOI:
http://dx.doi.org/10.1109/ACCESS.2019.2951349

[63] Nathan Magrofuoco and Jean Vanderdonckt. 2019. Gelicit: A Cloud Platform for Distributed Gesture Elicitation Studies.

Proc. ACM Hum.-Comput. Interact. 3 (2019), 1–41. Issue EICS. DOI:http://dx.doi.org/10.1145/3331148
[64] Diako Mardanbegi, Dan Witzner Hansen, and Thomas Pederson. 2012. Eye-based Head Gestures. In Proceedings of

the ACM International Symposium on Eye Tracking Research and Applications (ETRA ’12). ACM, New York, NY, USA,

139–146. DOI:http://dx.doi.org/10.1145/2168556.2168578
[65] Francisco Javier Martínez-Ruiz and Santiago Villarreal-Narvaez. 2021. Eliciting User-defined Zenithal Gestures for

Privacy Preferences. In Proceedings of the 16th International Joint Conference on Computer Vision, Imaging and Computer

Graphics Theory and Applications, VISIGRAPP 2021, Volume 2: HUCAPP, Online Streaming, February 8-10, 2021, Alexis

Paljic, Tabitha C. Peck, José Braz, and Kadi Bouatouch (Eds.). SCITEPRESS, 205–213. DOI:http://dx.doi.org/10.5220/
0010259802050213

[66] Kohei Matsumura. 2015. Studying User-Defined Gestures Toward Off the Screen Interactions. In Proceedings of the

ACM International Conference on Interactive Tabletops & Surfaces (November 15-18, 2015) (ITS ’15). ACM, New York, NY,

USA, 295–300. DOI:http://dx.doi.org/10.1145/2817721.2823496
[67] Dan Mauney, Jonathan Howarth, Andrew Wirtanen, and Miranda Capra. 2010. Cultural Similarities and Differences in

ACM Comput. Surv., Vol. 1, No. 1, Article . Publication date: December 2023.

http://dx.doi.org/10.1145/2659766.2659781
http://dx.doi.org/10.1080/10447318.2019.1572352
http://dx.doi.org/10.1080/10447318.2019.1572352
http://dx.doi.org/10.1016/j.ijhcs.2011.04.005
http://dx.doi.org/10.1145/3242587.3242642
http://dx.doi.org/10.1145/1753326.1753572
http://dx.doi.org/10.1145/1753326.1753572
http://dx.doi.org/10.1145/3077343.3077348
http://dx.doi.org/10.3115/1119176.1119188
http://dx.doi.org/10.1371/journal.pmed.1000100
http://dx.doi.org/10.1145/2807442.2807489
http://dx.doi.org/10.1007/s11432-015-1014-7
http://dx.doi.org/10.1007/s11432-015-1014-7
http://dx.doi.org/10.1371/journal.pone.0198092
http://dx.doi.org/10.1109/ACCESS.2019.2951349
http://dx.doi.org/10.1145/3331148
http://dx.doi.org/10.1145/2168556.2168578
http://dx.doi.org/10.5220/0010259802050213
http://dx.doi.org/10.5220/0010259802050213
http://dx.doi.org/10.1145/2817721.2823496


Brave New GES World: A Systematic Literature Review of Gestures and Referents in Gesture Elicitation Studies 35

User-Defined Gestures for Touchscreen User Interfaces. In CHI ’10 Extended Abstracts on Human Factors in Computing

Systems (CHI EA ’10). Association for Computing Machinery, New York, NY, USA, 4015–4020. DOI:http://dx.doi.org/10.
1145/1753846.1754095

[68] Keenan R. May, Thomas M. Gable, and Bruce N. Walker. 2017. Designing an In-Vehicle Air Gesture Set Using

Elicitation Methods. In Proceedings of the 9th International Conference on Automotive User Interfaces and Interactive

Vehicular Applications (AutomotiveUI ’17). Association for Computing Machinery, New York, NY, USA, 74–83. DOI:
http://dx.doi.org/10.1145/3122986.3123015

[69] Erin McAweeney, Haihua Zhang, and Michael Nebeling. 2018. User-Driven Design Principles for Gesture Representa-

tions. In Proceedings of the ACM International Conference on Human Factors in Computing Systems (CHI ’18). ACM, New

York, NY, USA, Article 547, 13 pages. DOI:http://dx.doi.org/10.1145/3173574.3174121
[70] G. Modanwal and K. Sarawadekar. 2017. A New Dactylology and Interactive System Development for Blind-Computer

Interaction. IEEE Transactions on Human-Machine Systems PP, 99 (2017), 1–6. DOI:http://dx.doi.org/10.1109/THMS.

2017.2734065

[71] Gourav Modanwal and Kishor Sarawadekar. 2018. A Gesture Elicitation Study with Visually Impaired Users. In HCI

International 2018 – Posters’ Extended Abstracts (July 15, 2018) (Communications in Computer and Information Science).

Springer, Cham, Cham, 54–61. DOI:http://dx.doi.org/10.1007/978-3-319-92279-9_7
[72] Meredith Ringel Morris. 2012. Web on the Wall: Insights from a Multimodal Interaction Elicitation Study. In Proceedings

of the 2012 ACM International Conference on Interactive Tabletops and Surfaces (2012) (ITS ’12). ACM, New York, NY,

USA, 95–104. DOI:http://dx.doi.org/10.1145/2396636.2396651
[73] Meredith Ringel Morris, Andreea Danielescu, Steven Drucker, Danyel Fisher, Bongshin Lee, m. c. schraefel, and

Jacob O. Wobbrock. 2014. Reducing Legacy Bias in Gesture Elicitation Studies. interactions 21, 3 (may 2014), 40–45.

DOI:http://dx.doi.org/10.1145/2591689
[74] Meredith Ringel Morris, Jacob O. Wobbrock, and Andrew D. Wilson. 2010. Understanding Users’ Preferences for

Surface Gestures. In Proceedings of Graphics Interface 2010 (GI ’10). Canadian Information Processing Society, CAN,

261–268.

[75] Miguel A. Nacenta, Yemliha Kamber, Yizhou Qiang, and Per Ola Kristensson. 2013. Memorability of Pre-Designed and

User-Defined Gesture Sets. In Proceedings of the SIGCHI Conference on Human Factors in Computing Systems (CHI ’13).

Association for Computing Machinery, New York, NY, USA, 1099–1108. DOI:http://dx.doi.org/10.1145/2470654.2466142
[76] Vijayakumar Nanjappan, Rongkai Shi, Hai-Ning Liang, Haoru Xiao, Kim King-Tong Lau, and Khalad Hasan. 2019.

Design of Interactions for Handheld Augmented Reality Devices Using Wearable Smart Textiles: Findings from a User

Elicitation Study. Applied Sciences 9, 15 (2019), 3177. DOI:http://dx.doi.org/10.3390/app9153177
[77] Andrés Adolfo Navarro-Newball, Isidro Moreno, Edmond Prakash, Ali Arya, Victoria E. Contreras, Victor A. Quiceno,

Santiago Lozano, Juan David Mejìa, and Diego Fernando Loaiza. 2016. Gesture based human motion and game

principles to aid understanding of science and cultural practices. Multimed Tools Appl 75, 19 (2016), 11699–11722. DOI:
http://dx.doi.org/10.1007/s11042-015-2667-5

[78] Samuel Navas Medrano, Max Pfeiffer, and Christian Kray. 2017. Enabling Remote Deictic Communication with Mobile

Devices: An Elicitation Study. In Proceedings of the 19th International Conference on Human-Computer Interaction with

Mobile Devices and Services (MobileHCI ’17). Association for Computing Machinery, New York, NY, USA, Article 19, 13

pages. DOI:http://dx.doi.org/10.1145/3098279.3098544
[79] Michael Nebeling, DavidOtt, andMoira C. Norrie. 2015. Kinect Analysis: A System for Recording, Analysing and Sharing

Multimodal Interaction Elicitation Studies. In Proceedings of the 7th ACM SIGCHI Symposium on Engineering Interactive

Computing Systems (EICS ’15). ACM, New York, NY, USA, 142–151. DOI:http://dx.doi.org/10.1145/2774225.2774846
[80] Michael Nielsen, Moritz Störring, Thomas B. Moeslund, and Erik Granum. 2004. A Procedure for Developing Intuitive

and Ergonomic Gesture Interfaces for HCI. In Gesture-Based Communication in Human-Computer Interaction, Antonio

Camurri and Gualtiero Volpe (Eds.). Springer, Berlin, 409–420.

[81] Mohammad Obaid, Markus Häring, Felix Kistler, René Bühling, and Elisabeth André. 2012. User-Defined Body Gestures

for Navigational Control of a Humanoid Robot. In Social Robotics, Shuzhi Sam Ge, Oussama Khatib, John-John Cabibihan,

Reid Simmons, and Mary-Anne Williams (Eds.). Springer Berlin Heidelberg, Berlin, Heidelberg, 367–377.

[82] Francisco R. Ortega, Alain Galvan, Katherine Tarre, Armando Barreto, Naphtali Rishe, Jonathan Bernal, Ruben

Balcazar, and Jason-Lee Thomas. 2017. Gesture elicitation for 3D travel via multi-touch and mid-Air systems for

procedurally generated pseudo-universe. In 2017 IEEE Symposium on 3D User Interfaces (3DUI). IEEE, USA, 144–153.

DOI:http://dx.doi.org/10.1109/3DUI.2017.7893331
[83] Mehdi Ousmer, Jean Vanderdonckt, and Sabin Buraga. 2019. An Ontology for Reasoning on Body-based Gestures. In

Proceedings of the ACM SIGCHI Symposium on Engineering Interactive Computing Systems (June 18-21, 2019) (EICS ’19).

ACM, New York, NY, USA, 1–6. DOI:http://dx.doi.org/10.1145/3319499.3328238
[84] Jorge Luis Pérez-Medina, Santiago Villarreal, and Jean Vanderdonckt. 2020. A Gesture Elicitation Study of Nose-Based

Gestures. Sensors 20, 24 (2020), 7118. DOI:http://dx.doi.org/10.3390/s20247118

ACM Comput. Surv., Vol. 1, No. 1, Article . Publication date: December 2023.

http://dx.doi.org/10.1145/1753846.1754095
http://dx.doi.org/10.1145/1753846.1754095
http://dx.doi.org/10.1145/3122986.3123015
http://dx.doi.org/10.1145/3173574.3174121
http://dx.doi.org/10.1109/THMS.2017.2734065
http://dx.doi.org/10.1109/THMS.2017.2734065
http://dx.doi.org/10.1007/978-3-319-92279-9_7
http://dx.doi.org/10.1145/2396636.2396651
http://dx.doi.org/10.1145/2591689
http://dx.doi.org/10.1145/2470654.2466142
http://dx.doi.org/10.3390/app9153177
http://dx.doi.org/10.1007/s11042-015-2667-5
http://dx.doi.org/10.1145/3098279.3098544
http://dx.doi.org/10.1145/2774225.2774846
http://dx.doi.org/10.1109/3DUI.2017.7893331
http://dx.doi.org/10.1145/3319499.3328238
http://dx.doi.org/10.3390/s20247118


36 Santiago Villarreal-Narvaez et al.

[85] Ekaterina Peshkova, Martin Hitz, and David Ahlström. 2017. Exploring User-Defined Gestures and Voice Commands to

Control an Unmanned Aerial Vehicle. In Intelligent Technologies for Interactive Entertainment, Ronald Poppe, John-Jules

Meyer, Remco Veltkamp, and Mehdi Dastani (Eds.). Springer International Publishing, Cham, 47–62.

[86] Tran Pham, Jo Vermeulen, Anthony Tang, and Lindsay MacDonald Vermeulen. 2018. Scale Impacts Elicited Gestures for

Manipulating Holograms: Implications for AR Gesture Design. In Proceedings of the 2018 Designing Interactive Systems

Conference (2018) (DIS ’18). ACM, New York, NY, USA, 227–240. DOI:http://dx.doi.org/10.1145/3196709.3196719
[87] Thammathip Piumsomboon, Adrian Clark, Mark Billinghurst, and Andy Cockburn. 2013a. User-Defined Gestures for

Augmented Reality. In Human-Computer Interaction – INTERACT 2013 (September 2, 2013) (Lecture Notes in Computer

Science). Springer, Berlin, Heidelberg, Berlin, Heidelberg, 282–299. DOI:http://dx.doi.org/10.1007/978-3-642-40480-1_18
[88] Thammathip Piumsomboon, Adrian Clark, Mark Billinghurst, and Andy Cockburn. 2013b. User-defined Gestures for

Augmented Reality. In CHI ’13 Extended Abstracts on Human Factors in Computing Systems (2013) (CHI EA ’13). ACM,

New York, NY, USA, 955–960. DOI:http://dx.doi.org/10.1145/2468356.2468527
[89] Francis Quek, David McNeill, Robert Bryll, Susan Duncan, Xin-Feng Ma, Cemil Kirbas, Karl E. McCullough, and Rashid

Ansari. 2002. Multimodal Human Discourse: Gesture and Speech. ACM Trans. Comput.-Hum. Interact. 9, 3 (2002),

171–193. DOI:http://dx.doi.org/10.1145/568513.568514
[90] Siddharth S. Rautaray and Anupam Agrawal. 2015. Vision Based Hand Gesture Recognition for Human Computer

Interaction: A Survey. Artif. Intell. Rev. 43, 1 (Jan. 2015), 1–54. DOI:http://dx.doi.org/10.1007/s10462-012-9356-9
[91] Julie Rico and Stephen Brewster. 2010. Usable Gestures for Mobile Interfaces: Evaluating Social Acceptability. In

Proceedings of the SIGCHI Conference on Human Factors in Computing Systems (CHI ’10). ACM, New York, NY, USA,

887–896. DOI:http://dx.doi.org/10.1145/1753326.1753458
[92] Isabel Benavente Rodriguez and Nicolai Marquardt. 2017. Gesture Elicitation Study on How to Opt-in & Opt-out from

Interactions with Public Displays. In Proceedings of the 2017 ACM International Conference on Interactive Surfaces and

Spaces (2017) (ISS ’17). ACM, New York, NY, USA, 32–41. DOI:http://dx.doi.org/10.1145/3132272.3134118
[93] Jaime Ruiz, Yang Li, and Edward Lank. 2011. User-defined Motion Gestures for Mobile Interaction. In Proceedings of

the SIGCHI Conference on Human Factors in Computing Systems (2011) (CHI ’11). ACM, New York, NY, USA, 197–206.

DOI:http://dx.doi.org/10.1145/1978942.1978971
[94] Jaime Ruiz and Daniel Vogel. 2015. Soft-Constraints to Reduce Legacy and Performance Bias to Elicit Whole-body

Gestures with Low Arm Fatigue. In Proceedings of the IFIP TC5 WG5.7 International Workshop on Modelling Techniques

for Business Process Re-Engineering and Benchmarking (April, 2015) (CHI ’15). ACM, New York, NY, USA, 3347–3350.

DOI:http://dx.doi.org/10.1145/2702123.2702583
[95] Karen Rust, MeethuMalu, Lisa Anthony, and Leah Findlater. 2014. Understanding Childdefined Gestures and Children’s

Mental Models for Touchscreen Tabletop Interaction. In Proceedings of the ACM Conference on Interaction Design and

Children (2014) (IDC ’14). ACM, New York, NY, USA, 201–204. DOI:http://dx.doi.org/10.1145/2593968.2610452
[96] O. Schipor and R. Vatavu. 2018. Invisible, Inaudible, and Impalpable: Users’ Preferences and Memory Performance for

Digital Content in Thin Air. IEEE Pervasive Computing 17, 4 (2018), 76–85. DOI:http://dx.doi.org/10.1109/MPRV.2018.

2873856

[97] Marcos Serrano, Barrett M. Ens, and Pourang P. Irani. 2014. Exploring the Use of Hand-to-face Input for Interacting

with Head-worn Displays. In Proceedings of the ACM Conference on Human Factors in Computing Systems (CHI ’14).

ACM, New York, NY, USA, 3181–3190. DOI:http://dx.doi.org/10.1145/2556288.2556984
[98] Teddy Seyed, Chris Burns, Mario Costa Sousa, Frank Maurer, and Anthony Tang. 2012. Eliciting Usable Gestures

for Multi-display Environments. In Proceedings of the 2012 ACM International Conference on Interactive Tabletops and

Surfaces (2012) (ITS ’12). ACM, New York, NY, USA, 41–50. DOI:http://dx.doi.org/10.1145/2396636.2396643
[99] Adwait Sharma, Joan Sol Roo, and Jürgen Steimle. 2019. Grasping Microgestures: Eliciting Single-hand Microgestures

for Handheld Objects. In Proceedings of the 2019 CHI Conference on Human Factors in Computing Systems (May 4-6, 2019)

(CHI ’19). ACM, New York, NY, USA, 402:1–402:13. DOI:http://dx.doi.org/10.1145/3290605.3300632
[100] Alex Shaw and Lisa Anthony. 2016a. Analyzing the Articulation Features of Children’s Touchscreen Gestures. In

Proceedings of the 18th ACM International Conference on Multimodal Interaction (2016) (ICMI 2016). ACM, New York, NY,

USA, 333–340. DOI:http://dx.doi.org/10.1145/2993148.2993179
[101] Alex Shaw and Lisa Anthony. 2016b. Toward a Systematic Understanding of Children’s Touchscreen Gestures. In

Proceedings of the 2016 CHI Conference Extended Abstracts on Human Factors in Computing Systems (May 7,2016). ACM,

New York, NY, USA, 1752–1759. DOI:http://dx.doi.org/10.1145/2851581.2892425
[102] Alexandru-Ionut Siean, Cristian Pamparau, Arthur Sluÿters, Radu-Daniel Vatavu, and Jean Vanderdonckt. 2023.

Flexible gesture input with radars: systematic literature review and taxonomy of radar sensing integration in ambient

intelligence environments. J. Ambient Intell. Humaniz. Comput. 14, 6 (2023), 7967–7981. DOI:http://dx.doi.org/10.1007/
s12652-023-04606-9

[103] Chaklam Silpasuwanchai and Xiangshi Ren. 2014. Jump and Shoot!: Prioritizing Primary and Alternative Body

Gestures for Intense Gameplay. In Proceedings of the SIGCHI Conference on Human Factors in Computing Systems (April

ACM Comput. Surv., Vol. 1, No. 1, Article . Publication date: December 2023.

http://dx.doi.org/10.1145/3196709.3196719
http://dx.doi.org/10.1007/978-3-642-40480-1_18
http://dx.doi.org/10.1145/2468356.2468527
http://dx.doi.org/10.1145/568513.568514
http://dx.doi.org/10.1007/s10462-012-9356-9
http://dx.doi.org/10.1145/1753326.1753458
http://dx.doi.org/10.1145/3132272.3134118
http://dx.doi.org/10.1145/1978942.1978971
http://dx.doi.org/10.1145/2702123.2702583
http://dx.doi.org/10.1145/2593968.2610452
http://dx.doi.org/10.1109/MPRV.2018.2873856
http://dx.doi.org/10.1109/MPRV.2018.2873856
http://dx.doi.org/10.1145/2556288.2556984
http://dx.doi.org/10.1145/2396636.2396643
http://dx.doi.org/10.1145/3290605.3300632
http://dx.doi.org/10.1145/2993148.2993179
http://dx.doi.org/10.1145/2851581.2892425
http://dx.doi.org/10.1007/s12652-023-04606-9
http://dx.doi.org/10.1007/s12652-023-04606-9


Brave New GES World: A Systematic Literature Review of Gestures and Referents in Gesture Elicitation Studies 37

26 - May 1) (CHI ’14). ACM, New York, NY, USA, 951–954. DOI:http://dx.doi.org/10.1145/2556288.2557107
[104] Chaklam Silpasuwanchai and Xiangshi Ren. 2015. Designing concurrent full-body gestures for intense gameplay.

International Journal of Human-Computer Studies 80 (2015), 1–13. DOI:http://dx.doi.org/10.1016/j.ijhcs.2015.02.010
[105] Arthur Sluÿters, Sébastien Lambot, and Jean Vanderdonckt. 2022. Hand Gesture Recognition for an Off-the-Shelf

Radar by Electromagnetic Modeling and Inversion. In Proceedings of the 27th ACM International Conference on Intelligent

User Interfaces (IUI ’22). Association for Computing Machinery, New York, NY, USA, 506–522. DOI:http://dx.doi.org/10.
1145/3490099.3511107

[106] Arthur Sluÿters, Sébastien Lambot, Jean Vanderdonckt, and Radu-Daniel Vatavu. 2023. RadarSense: Accurate

Recognition of Mid-Air Hand Gestures with Radar Sensing and Few Training Examples. ACM Trans. Interact. Intell. Syst.

13, 3, Article 16 (sep 2023), 45 pages. DOI:http://dx.doi.org/10.1145/3589645
[107] Arthur Sluÿters, Quentin Sellier, Jean Vanderdonckt, Vik Parthiban, and Pattie Maes. 2023. Consistent, Continuous,

and Customizable Mid-Air Gesture Interaction for Browsing Multimedia Objects on Large Displays. International

Journal of Human–Computer Interaction 39, 12 (2023), 2492–2523. DOI:http://dx.doi.org/10.1080/10447318.2022.2078464
[108] Nikita Soni, Schuyler Gleaves, Hannah Neff, Sarah Morrison-Smith, Shaghayegh Esmaeili, Ian Mayne, Sayli Bapat,

Carrie Schuman, Kathryn A. Stofer, and Lisa Anthony. 2019. Do User-defined Gestures for Flatscreens Generalize to

Interactive Spherical Displays for Adults and Children?. In Proceedings of the 8th ACM International Symposium on

Pervasive Displays (2019) (PerDis ’19). ACM, New York, NY, USA, 24:1–24:7. DOI:http://dx.doi.org/10.1145/3321335.
3324941

[109] Nikita Soni, Schuyler Gleaves, Hannah Neff, Sarah Morrison-Smith, Shaghayegh Esmaeili, Ian Mayne, Sayli Bapat,

Carrie Schuman, Kathryn A. Stofer, and Lisa Anthony. 2020. Adults’ and Children’s Mental Models for Gestural

Interactions with Interactive Spherical Displays. In CHI ’20. ACM, New York, NY, USA, 1–12.

[110] Maximilian Speicher and Michael Nebeling. 2018. GestureWiz: A Human-Powered Gesture Design Environment for

User Interface Prototypes. In Proceedings of the 2018 CHI Conference on Human Factors in Computing Systems (CHI ’18).

ACM, New York, NY, USA, Article 107, 11 pages. DOI:http://dx.doi.org/10.1145/3173574.3173681
[111] Kashmiri Stec and Lars Bo Larsen. 2018. Gestures for Controlling a Moveable TV. In Proceedings of the 2018 ACM

International Conference on Interactive Experiences for TV and Online Video (2018) (TVX ’18). ACM, New York, NY, USA,

5–14. DOI:http://dx.doi.org/10.1145/3210825.3210831
[112] Yanke Tan, Sang Ho Yoon, and Karthik Ramani. 2017. BikeGesture: User Elicitation and Performance of Micro Hand

Gesture As Input for Cycling. In Proceedings of the 2017 CHI Conference Extended Abstracts on Human Factors in Computing

Systems (2017) (CHI EA ’17). ACM, New York, NY, USA, 2147–2154. DOI:http://dx.doi.org/10.1145/3027063.3053075
[113] Florent Taralle, Alexis Paljic, Sotiris Manitsaris, Jordane Grenier, and Christophe Guettier. 2015. A Consensual and

Non-ambiguous Set of Gestures to Interact with UAV in Infantrymen. In Proceedings of the 33rd Annual ACM Conference

Extended Abstracts on Human Factors in Computing Systems (2015) (CHI EA ’15). ACM, New York, NY, USA, 797–803.

DOI:http://dx.doi.org/10.1145/2702613.2702971
[114] Vuletic Tijana, Alex Duffy, Laura Hay, Chris McTeague, Gerard Campbell, and Madeleine Grealy. 2019. Systematic

literature review of hand gestures used in human computer interaction interfaces. International Journal of Human-

Computer Studies 129 (2019), 74–94. DOI:http://dx.doi.org/https://doi.org/10.1016/j.ijhcs.2019.03.011
[115] Theophanis Tsandilas. 2018. Fallacies of Agreement: A Critical Review of Consensus Assessment Methods for Gesture

Elicitation. ACM Trans. Comput.-Hum. Interact. 25, 3, Article 18 (jun 2018), 49 pages. DOI:http://dx.doi.org/10.1145/
3182168

[116] Theophanis Tsandilas and Pierre Dragicevic. 2022. Gesture Elicitation as a Computational Optimization Problem. In

Proceedings of the 2022 CHI Conference on Human Factors in Computing Systems (CHI ’22). Association for Computing

Machinery, New York, NY, USA, Article 498, 13 pages. DOI:http://dx.doi.org/10.1145/3491102.3501942
[117] Sekaran U. and Bougie R. 2010. Research methods for business: A skill-building approach. John Wiley and Sons,

Haddington.

[118] Antonio Emmanuele Uva, Michele Fiorentino, Vito Modesto Manghisi, Antonio Boccaccio, Saverio Debernardis,

Michele Gattullo, and Giuseppe Monno. 2019. A User-Centered Framework for Designing Midair Gesture Interfaces.

IEEE Transactions on Human-Machine Systems 49, 5 (2019), 421–429. DOI:http://dx.doi.org/10.1109/THMS.2019.2919719

[119] Jean Vanderdonckt, Nathan Magrofuoco, Suzanne Kieffer, Jorge Pérez, Ysabelle Rase, Paolo Roselli, and Santiago

Villarreal. 2019. Head and Shoulders Gestures: Exploring User-Defined Gestures with Upper Body. In Design, User

Experience, and Usability. User Experience in Advanced Technological Environments (2019) (Lecture Notes in Computer

Science), Aaron Marcus and Wentao Wang (Eds.). Springer International Publishing, Cyprus, 192–213.

[120] Radu-Daniel Vatavu. 2012. User-Defined Gestures for Free-Hand TV Control. In Proceedings of the 10th European

Conference on Interactive TV and Video (EuroITV ’12). Association for Computing Machinery, New York, NY, USA, 45–48.

DOI:http://dx.doi.org/10.1145/2325616.2325626
[121] Radu-Daniel Vatavu. 2019. The Dissimilarity-Consensus Approach to Agreement Analysis in Gesture Elicitation

Studies. In Proceedings of the 2019 CHI Conference on Human Factors in Computing Systems (May 4-9, 2019) (CHI ’19).

ACM Comput. Surv., Vol. 1, No. 1, Article . Publication date: December 2023.

http://dx.doi.org/10.1145/2556288.2557107
http://dx.doi.org/10.1016/j.ijhcs.2015.02.010
http://dx.doi.org/10.1145/3490099.3511107
http://dx.doi.org/10.1145/3490099.3511107
http://dx.doi.org/10.1145/3589645
http://dx.doi.org/10.1080/10447318.2022.2078464
http://dx.doi.org/10.1145/3321335.3324941
http://dx.doi.org/10.1145/3321335.3324941
http://dx.doi.org/10.1145/3173574.3173681
http://dx.doi.org/10.1145/3210825.3210831
http://dx.doi.org/10.1145/3027063.3053075
http://dx.doi.org/10.1145/2702613.2702971
http://dx.doi.org/https://doi.org/10.1016/j.ijhcs.2019.03.011
http://dx.doi.org/10.1145/3182168
http://dx.doi.org/10.1145/3182168
http://dx.doi.org/10.1145/3491102.3501942
http://dx.doi.org/10.1109/THMS.2019.2919719
http://dx.doi.org/10.1145/2325616.2325626


38 Santiago Villarreal-Narvaez et al.

ACM, New York, NY, USA, 1–13. DOI:http://dx.doi.org/10.1145/3290605.3300454
[122] Radu-Daniel Vatavu and Jacob O. Wobbrock. 2015. Formalizing Agreement Analysis for Elicitation Studies: New

Measures, Significance Test, and Toolkit. In Proceedings of the 33rd Annual ACM Conference on Human Factors in

Computing Systems (CHI ’15). ACM, New York, NY, USA, 1325–1334. DOI:http://dx.doi.org/10.1145/2702123.2702223
[123] Radu-Daniel Vatavu and Jacob O. Wobbrock. 2016. Between-Subjects Elicitation Studies: Formalization and Tool

Support. In Proceedings of the 2016 CHI Conference on Human Factors in Computing Systems (CHI ’16). Association for

Computing Machinery, New York, NY, USA, 3390–3402. DOI:http://dx.doi.org/10.1145/2858036.2858228
[124] Radu-Daniel Vatavu and Jacob O. Wobbrock. 2022. Clarifying Agreement Calculations and Analysis for End-User

Elicitation Studies. ACM Trans. Comput.-Hum. Interact. 29, 1, Article 5 (jan 2022), 70 pages. DOI:http://dx.doi.org/10.
1145/3476101

[125] Radu-Daniel Vatavu and Ionut-Alexandru Zaiti. 2014. Leap Gestures for TV: Insights from an Elicitation Study. In

Proceedings of the ACM International Conference on Interactive Experiences for TV and Online Video (TVX ’14). Association

for Computing Machinery, New York, NY, USA, 131–138. DOI:http://dx.doi.org/10.1145/2602299.2602316
[126] Santiago Villarreal-Narvaez, Alexandru-Ionuţ Şiean, Arthur Sluÿters, Radu-Daniel Vatavu, and Jean Vanderdonckt.

2022. Informing Future Gesture Elicitation Studies for Interactive Applications That Use Radar Sensing. In Proceedings

of the 2022 International Conference on Advanced Visual Interfaces (AVI 2022). Association for Computing Machinery,

New York, NY, USA, Article 50, 3 pages. DOI:http://dx.doi.org/10.1145/3531073.3534475
[127] Santiago Villarreal-Narvaez, Jorge Luis Perez-Medina, and Jean Vanderdonckt. 2023. Exploring user-defined gestures

for lingual and palatal interaction. Journal of Multimodal User Interfaces 17, 3 (2023), 19. DOI:http://dx.doi.org/10.1007/
s12193-023-00408-7

[128] Santiago Villarreal-Narvaez, Arthur Sluÿters, Jean Vanderdonckt, and Efrem Mbaki Luzayisu. 2022. Theoretically-

Defined vs. User-Defined Squeeze Gestures. Proc. ACM Hum.-Comput. Interact. 6, ISS, Article 559 (nov 2022), 30 pages.

DOI:http://dx.doi.org/10.1145/3567805
[129] Santiago Villarreal-Narvaez, Jean Vanderdonckt, Radu-Daniel Vatavu, and Jacob O. Wobbrock. 2020. A Systematic

Review of Gesture Elicitation Studies: What Can We Learn from 216 Studies?. In Proceedings of the 2020 ACM Designing

Interactive Systems Conference (DIS ’20). Association for Computing Machinery, New York, NY, USA, 855–872. DOI:
http://dx.doi.org/10.1145/3357236.3395511

[130] Dong-Bach Vo, Eric Lecolinet, and Yves Guiard. 2014. Belly Gestures: Body Centric Gestures on the Abdomen. In

Proceedings of the 8th Nordic Conference on Human-Computer Interaction: Fun, Fast, Foundational (NordiCHI ’14). ACM,

New York, NY, USA, 687–696. DOI:http://dx.doi.org/10.1145/2639189.2639210
[131] Panagiotis Vogiatzidakis and Panayiotis Koutsabasis. 2018. Gesture Elicitation Studies for Mid-Air Interaction:

A Review. Multimodal Technologies and Interaction 2, 4 (2018), 65–. DOI:http://dx.doi.org/https://doi.org/10.3390/
mti2040065

[132] Panagiotis Vogiatzidakis and Panayiotis Koutsabasis. 2019. Frame-Based Elicitation of Mid-Air Gestures for a Smart

Home Device Ecosystem. Informatics 6, 2 (2019), 23. DOI:http://dx.doi.org/10.3390/informatics6020023

[133] Oleg Špakov and Päivi Majaranta. 2012. Enhanced Gaze Interaction Using Simple Head Gestures. In Proceedings

of the 2012 ACM Conference on Ubiquitous Computing (UbiComp ’12). ACM, New York, NY, USA, 705–710. DOI:
http://dx.doi.org/10.1145/2370216.2370369

[134] Tijana Vuletic, Alex Duffy, Laura Hay, Chris McTeague, Gerard Campbell, and Madeleine Grealy. 2019. Systematic

literature review of hand gestures used in human computer interaction interfaces. International Journal of Human-

Computer Studies 129 (2019), 74–94. DOI:http://dx.doi.org/https://doi.org/10.1016/j.ijhcs.2019.03.011
[135] Daniel Wigdor and Dennis Wixon. 2011. Brave NUI World: Designing Natural User Interfaces for Touch and Gesture

(1st ed.). Morgan Kaufmann Publishers Inc., San Francisco, CA, USA.

[136] Markus L.Wittorf andMikkel R. Jakobsen. 2016. ElicitingMid-Air Gestures forWall-Display Interaction. In Proceedings

of the 9th Nordic Conference on Human-Computer Interaction (NordiCHI ’16). Association for Computing Machinery,

New York, NY, USA, Article 3, 4 pages. DOI:http://dx.doi.org/10.1145/2971485.2971503
[137] Jacob O. Wobbrock, Htet Htet Aung, Brandon Rothrock, and Brad A. Myers. 2005. Maximizing the Guessability of

Symbolic Input. In CHI ’05 Extended Abstracts on Human Factors in Computing Systems (CHI EA ’05). Association for

Computing Machinery, New York, NY, USA, 1869–1872. DOI:http://dx.doi.org/10.1145/1056808.1057043
[138] Jacob O. Wobbrock, Meredith Ringel Morris, and Andrew D. Wilson. 2009. User-Defined Gestures for Surface

Computing. In Proceedings of the SIGCHI Conference on Human Factors in Computing Systems (CHI ’09). Association for

Computing Machinery, New York, NY, USA, 1083–1092. DOI:http://dx.doi.org/10.1145/1518701.1518866
[139] Jacob O. Wobbrock, Brad A. Myers, and John A. Kembel. 2003. EdgeWrite: A Stylus-based Text Entry Method Designed

for High Accuracy and Stability of Motion. In Proceedings of the 16th Annual ACM Symposium on User Interface Software

and Technology (UIST ’03). ACM, New York, NY, USA, 61–70. DOI:http://dx.doi.org/10.1145/964696.964703
[140] Huiyue Wu, Liuqingqing Yang, Shengqian Fu, and Xiaolong (Luke) Zhang. 2019. Beyond remote control: Exploring

natural gesture inputs for smart TV systems. Journal of Ambient Intelligence and Smart Environments 11, 4 (2019),

ACM Comput. Surv., Vol. 1, No. 1, Article . Publication date: December 2023.

http://dx.doi.org/10.1145/3290605.3300454
http://dx.doi.org/10.1145/2702123.2702223
http://dx.doi.org/10.1145/2858036.2858228
http://dx.doi.org/10.1145/3476101
http://dx.doi.org/10.1145/3476101
http://dx.doi.org/10.1145/2602299.2602316
http://dx.doi.org/10.1145/3531073.3534475
http://dx.doi.org/10.1007/s12193-023-00408-7
http://dx.doi.org/10.1007/s12193-023-00408-7
http://dx.doi.org/10.1145/3567805
http://dx.doi.org/10.1145/3357236.3395511
http://dx.doi.org/10.1145/2639189.2639210
http://dx.doi.org/https://doi.org/10.3390/mti2040065
http://dx.doi.org/https://doi.org/10.3390/mti2040065
http://dx.doi.org/10.3390/informatics6020023
http://dx.doi.org/10.1145/2370216.2370369
http://dx.doi.org/https://doi.org/10.1016/j.ijhcs.2019.03.011
http://dx.doi.org/10.1145/2971485.2971503
http://dx.doi.org/10.1145/1056808.1057043
http://dx.doi.org/10.1145/1518701.1518866
http://dx.doi.org/10.1145/964696.964703


Brave New GES World: A Systematic Literature Review of Gestures and Referents in Gesture Elicitation Studies 39

335–354. DOI:http://dx.doi.org/10.3233/AIS-190528
[141] Ho Chung Wu, Robert Wing Pong Luk, Kam Fai Wong, and Kui Lam Kwok. 2008. Interpreting TF-IDF Term

Weights As Making Relevance Decisions. ACM Trans. Inf. Syst. 26, 3, Article 13 (June 2008), 37 pages. DOI:http:
//dx.doi.org/10.1145/1361684.1361686

[142] Haijun Xia, Michael Glueck, Michelle Annett, Michael Wang, and Daniel Wigdor. 2022. Iteratively Designing Gesture

Vocabularies: A Survey and Analysis of Best Practices in the HCI Literature. ACM Trans. Comput.-Hum. Interact. 29, 4,

Article 37 (may 2022), 54 pages. DOI:http://dx.doi.org/10.1145/3503537
[143] Yukang Yan, Xin Yi, Chun Yu, and Yuanchun Shi. 2019. Gesture-based target acquisition in virtual and augmented

reality. Virtual Reality & Intelligent Hardware 1, 3 (2019), 276–289. DOI:http://dx.doi.org/10.3724/SP.J.2096-5796.2019.
0007

[144] Ying Yin and Randall Davis. 2013. Gesture Spotting and Recognition Using Salience Detection and Concatenated

Hidden Markov Models. In Proceedings of the 15th ACM on International Conference on Multimodal Interaction (ICMI ’13).

ACM, New York, NY, USA, 489–494. DOI:http://dx.doi.org/10.1145/2522848.2532588
[145] Ionuţ-Alexandru Zaiţi, Ştefan-Gheorghe Pentiuc, and Radu-Daniel Vatavu. 2015. On free-hand TV control: ex-

perimental results on user-elicited gestures with Leap Motion. Pers Ubiquit Comput 19, 5 (2015), 821–838. DOI:
http://dx.doi.org/10.1007/s00779-015-0863-y

[146] Xiaojie Zha and Marie-Luce Bourguet. 2016. Experimental Study to Elicit Effective Multimodal Behaviour in

Pedagogical Agents. In Proceedings of the International Workshop on Social Learning and Multimodal Interaction for

Designing Artificial Agents (DAA ’16). Association for Computing Machinery, New York, NY, USA, Article 1, 6 pages.

DOI:http://dx.doi.org/10.1145/3005338.3005339
[147] Oren Zuckerman, Dina Walker, Andrey Grishko, Tal Moran, Chen Levy, Barak Lisak, Iddo Yehoshua Wald, and Hadas

Erel. 2020. Companionship Is Not a Function: The Effect of a Novel Robotic Object on Healthy Older Adults’ Feelings of

"Being-Seen". In Proceedings of the 2020 CHI Conference on Human Factors in Computing Systems (April 21, 2020) (CHI

’20). Association for Computing Machinery, New York, NY, USA, 1–14. DOI:http://dx.doi.org/10.1145/3313831.3376411

ACM Comput. Surv., Vol. 1, No. 1, Article . Publication date: December 2023.

http://dx.doi.org/10.3233/AIS-190528
http://dx.doi.org/10.1145/1361684.1361686
http://dx.doi.org/10.1145/1361684.1361686
http://dx.doi.org/10.1145/3503537
http://dx.doi.org/10.3724/SP.J.2096-5796.2019.0007
http://dx.doi.org/10.3724/SP.J.2096-5796.2019.0007
http://dx.doi.org/10.1145/2522848.2532588
http://dx.doi.org/10.1007/s00779-015-0863-y
http://dx.doi.org/10.1145/3005338.3005339
http://dx.doi.org/10.1145/3313831.3376411


40 Santiago Villarreal-Narvaez et al.

A CORPUS OF GESTURE ELICITATION STUDIES
This section gathers the bibliographic references of our corpus of 𝑁=267 gesture elicitation studies

analyzed. They are also accessible via a Zotero group.

[1] Roland Aigner, Daniel Wigdor, Hrvoje Benko, Michael Haller, David Lindbauer, Alexandra Ion, Shengdong Zhao,

and Jeffrey Tzu Kwan Valino Koh. 2012. Understanding Mid-Air Hand Gestures: A Study of Human Preferences

in Usage of Gesture Types for HCI. Technical Report MSR-TR-2012-111. Microsoft Research, Redmond, WA,

USA. https://www.microsoft.com/en-us/research/publication/understanding-mid-air-hand-gestures-a-study-of-

human-preferences-in-usage-of-gesture-types-for-hci/

[2] Jason Alexander, Teng Han, William Judd, Pourang Irani, and Sriram Subramanian. 2012. Putting Your Best Foot

Forward: Investigating Real-world Mappings for Foot-based Gestures. In Proceedings of the ACM Conference on Human

Factors in Computing Systems (CHI ’12). ACM, New York, NY, USA, 1229–1238. DOI:http://dx.doi.org/10.1145/2207676.
2208575

[3] Abdullah X. Ali, Meredith Ringel Morris, and Jacob O. Wobbrock. 2018. Crowdsourcing Similarity Judgments for

Agreement Analysis in End-User Elicitation Studies. In Proceedings of the 31st Annual ACM Symposium on User

Interface Software and Technology (UIST ’18). ACM, New York, NY, USA, 177–188. DOI:http://dx.doi.org/10.1145/
3242587.3242621

[4] Abdullah X. Ali, Meredith Ringel Morris, and Jacob O. Wobbrock. 2019. Crowdlicit: A System for Conducting

Distributed End-User Elicitation and Identification Studies. In Proceedings of the 2019 CHI Conference on Human Factors

in Computing Systems (CHI ’19). ACM, New York, NY, USA, 1–12. DOI:http://dx.doi.org/10.1145/3290605.3300485
[5] Bashar Altakrouri, Daniel Burmeister, Dennis Boldt, and Andreas Schrader. 2016. Insights on the Impact of Physical

Impairments in Full-Body Motion Gesture Elicitation Studies. In Proceedings of the 9th Nordic Conference on Human-

Computer Interaction (NordiCHI ’16). ACM, New York, NY, USA, 1–10. DOI:http://dx.doi.org/10.1145/2971485.2971502
[6] Marius Altmann. 2017. Designing gestures for window management on large high-resolution displays. OPUS - Online

Publikationen der Universität Stuttgart 72, 3 (2017), 1–60. DOI:http://dx.doi.org/10.18419/opus-9460
[7] Robin Andersson, Jonas Berglund, Aykut Coşkun, Morten Fjeld, and Mohammad Obaid. 2017. Defining Gestural

Interactions for Large Vertical Touch Displays. In Proceedings of IFIP TC13 Conference on Human-Computer Interaction,

Lecture Notes in Computer Science (INTERACT ’17), Regina Bernhaupt, Girish Dalvi, Anirudha Joshi, Devanuj K.

Balkrishan, Jacki O’Neill, and Marco Winckler (Eds.), Vol. 10513. Springer, Cham, Cham, 36–55. DOI:http://dx.doi.
org/10.1007/978-3-319-67744-6_3

[8] Leonardo Angelini, Francesco Carrino, Stefano Carrino, Maurizio Caon, Omar Abou Khaled, Jürgen Baumgartner,

Andreas Sonderegger, Denis Lalanne, and Elena Mugellini. 2014. Gesturing on the Steering Wheel: A User-elicited

Taxonomy. In Proceedings of the 6th International Conference on Automotive User Interfaces and Interactive Vehicular

Applications (AutomotiveUI ’14). ACM, New York, NY, USA, 1–8. DOI:http://dx.doi.org/10.1145/2667317.2667414
[9] Leonardo Angelini, Denis Lalanne, Elise van den Hoven, Omar Abou Khaled, and Elena Mugellini. 2015. Move,

Hold and Touch: A Framework for Tangible Gesture Interactive Systems. Machines 3, 3 (2015), 173–207. DOI:
http://dx.doi.org/10.3390/machines3030173

[10] Shaikh Shawon Arefin Shimon, Courtney Lutton, Zichun Xu, Sarah Morrison-Smith, Christina Boucher, and Jaime

Ruiz. 2016. Exploring Non-touchscreen Gestures for Smartwatches. In Proceedings of the 2016 CHI Conference on

Human Factors in Computing Systems (2016) (CHI ’16). ACM, New York, NY, USA, 3822–3833. DOI:http://dx.doi.org/
10.1145/2858036.2858385

[11] Rahul Arora, Rubaiat Habib Kazi, Danny M. Kaufman, Wilmot Li, and Karan Singh. 2019. MagicalHands: Mid-Air

Hand Gestures for Animating in VR. In Proceedings of the 32nd Annual ACM Symposium on User Interface Software

and Technology (UIST ’19). ACM, New York, NY, USA, 463–477. DOI:http://dx.doi.org/10.1145/3332165.3347942
[12] Ilhan Aslan, Tabea Schmidt, Jens Woehrle, Lukas Vogel, and Elisabeth André. 2018. Pen+Mid-Air Gestures: Eliciting

Contextual Gestures. In Proceedings of the 20th ACM International Conference on Multimodal Interaction (ICMI ’18).

ACM, New York, NY, USA, 135–144. DOI:http://dx.doi.org/10.1145/3242969.3242979
[13] Christopher R. Austin, Barrett Ens, Kadek Ananta Satriadi, and Bernhard Jenny. 2020. Elicitation study investigating

hand and foot gesture interaction for immersive maps in augmented reality. Cartography and Geographic Information

Science 47, 3 (2020), 214–228. DOI:http://dx.doi.org/10.1080/15230406.2019.1696232
[14] Patrick Bader, Huy Viet Le, Julian Strotzer, and Niels Henze. 2017. Exploring Interactions with Smart Windows for

Sunlight Control. In Proceedings of the ACM Conference on Human Factors in Computing Systems, Extended Abstracts

(CHI EA ’17). ACM, New York, NY, USA, 2373–2380. DOI:http://dx.doi.org/10.1145/3027063.3053242
[15] Patrick Bader, Alexandra Voit, Huy Viet Le, Paweł. Woźniak, Niels Henze, and Albrecht Schmidt. 2019. WindowWall:

Towards Adaptive Buildings with Interactive Windows As Ubiquitous Displays. ACM Trans. Comput.-Hum. Interact.

ACM Comput. Surv., Vol. 1, No. 1, Article . Publication date: December 2023.

https://www.zotero.org/groups/2132650/gesture_elicitation_studies
https://www.microsoft.com/en-us/research/publication/understanding-mid-air-hand-gestures-a-study-of-human-preferences-in-usage-of-gesture-types-for-hci/
https://www.microsoft.com/en-us/research/publication/understanding-mid-air-hand-gestures-a-study-of-human-preferences-in-usage-of-gesture-types-for-hci/
http://dx.doi.org/10.1145/2207676.2208575
http://dx.doi.org/10.1145/2207676.2208575
http://dx.doi.org/10.1145/3242587.3242621
http://dx.doi.org/10.1145/3242587.3242621
http://dx.doi.org/10.1145/3290605.3300485
http://dx.doi.org/10.1145/2971485.2971502
http://dx.doi.org/10.18419/opus-9460
http://dx.doi.org/10.1007/978-3-319-67744-6_3
http://dx.doi.org/10.1007/978-3-319-67744-6_3
http://dx.doi.org/10.1145/2667317.2667414
http://dx.doi.org/10.3390/machines3030173
http://dx.doi.org/10.1145/2858036.2858385
http://dx.doi.org/10.1145/2858036.2858385
http://dx.doi.org/10.1145/3332165.3347942
http://dx.doi.org/10.1145/3242969.3242979
http://dx.doi.org/10.1080/15230406.2019.1696232
http://dx.doi.org/10.1145/3027063.3053242


Brave New GES World: A Systematic Literature Review of Gestures and Referents in Gesture Elicitation Studies 41

26, 2 (2019), 1–42. DOI:http://dx.doi.org/10.1145/3310275
[16] Gilles Bailly, Thomas Pietrzak, Jonathan Deber, and Daniel J. Wigdor. 2013. MéTamorphe: Augmenting Hotkey Usage

with Actuated Keys. In Proceedings of the ACM Conference on Human Factors in Computing Systems (CHI ’13). ACM,

New York, NY, USA, 563–572. DOI:http://dx.doi.org/10.1145/2470654.2470734
[17] Jaclyn B. Baron and Hope Turner. 2014. Assessing Sailor and Civilian Gestural Optimal Relationships for Multi-touch

Gestures and Functions in Computer Applications. Proceedings of the Human Factors and Ergonomics Society Annual

Meeting 58, 1 (2014), 1144–1148. DOI:http://dx.doi.org/10.1177/1541931214581239
[18] Frank Beruscha, Katharina Mueller, and Thorsten Sohnke. 2020. Eliciting tangible and gestural user interactions with

and on a cooking pan. In Proceedings of the Conference on Mensch und Computer (MuC ’20). ACM, New York, NY, USA,

399–408. DOI:http://dx.doi.org/10.1145/3404983.3405516
[19] Ceylan Beşevli, Oğuz Turan Buruk, Merve Erkaya, and Oğuzhan Özcan. 2018. Investigating the Effects of Legacy Bias:

User Elicited Gestures from the End Users Perspective. In Proceedings of the ACM Conference on Designing Interactive

Systems (DIS ’18 Companion). ACM, New York, NY, USA, 277–281. DOI:http://dx.doi.org/10.1145/3197391.3205449
[20] Sabrina S. Billinghurst and Kim-Phuong L. Vu. 2015. Touch screen gestures for web browsing tasks. Computers in

Human Behavior 53 (2015), 71–81. DOI:http://dx.doi.org/10.1016/j.chb.2015.06.012
[21] Patrik Björnfot and Victor Kaptelinin. 2017. Probing the Design Space of a Telepresence Robot Gesture Arm with

Low Fidelity Prototypes. In Proceedings of the ACM/IEEE International Conference on Human-Robot Interaction (HRI

’17). ACM, New York, NY, USA, 352–360. DOI:http://dx.doi.org/10.1145/2909824.3020223
[22] Frøy Birte Bjørneseth, Mark D. Dunlop, and Eva Hornecker. 2012. Assessing the effectiveness of direct gesture

interaction for a safety critical maritime application. International Journal of Human-Computer Studies 70, 10 (2012),

729–745. DOI:http://dx.doi.org/10.1016/j.ijhcs.2012.06.001
[23] Roger Boldu, Alexandru Dancu, Denys J.C. Matthies, Pablo Gallego Cascón, Shanaka Ransir, and Suranga Nanayakkara.

2018. Thumb-In-Motion: Evaluating Thumb-to-Ring Microgestures for Athletic Activity. In Proceedings of the

Symposium on Spatial User Interaction (SUI ’18). ACM, New York, NY, USA, 150–157. DOI:http://dx.doi.org/10.1145/
3267782.3267796

[24] Pranjal Protim Borah and Keyur Sorathia. 2019. Natural and Intuitive Deformation Gestures for One-handed Landscape

Mode Interaction. In Proceedings of the 13th International Conference on Tangible, Embedded, and Embodied Interaction

(TEI ’19). ACM, New York, NY, USA, 229–236. DOI:http://dx.doi.org/10.1145/3294109.3300996
[25] Idil Bostan, Oğuz Turan Buruk, Mert Canat, Mustafa Ozan Tezcan, Celalettin Yurdakul, Tilbe Göksun, and Oğuzhan

Özcan. 2017. Hands As a Controller: User Preferences for Hand Specific On-Skin Gestures. In Proceedings of

the ACM Conference on Designing Interactive Systems (DIS ’17). ACM, New York, NY, USA, 1123–1134. DOI:http:
//dx.doi.org/10.1145/3064663.3064766

[26] Icaro Brito, Eduardo Freire, and Elyson Carvalho. 2019. Analysis of Cross-Cultural Effect on Gesture-Based Human-

Robot Interaction. International Journal of Mechanical Engineering and Robotics Research 8, 6 (2019), 852–859. DOI:
http://dx.doi.org/10.18178/ijmerr.8.6.852-859

[27] Sarah Buchanan, Bourke Floyd, Will Holderness, and Joseph J. LaViola. 2013. Towards User-defined Multi-touch

Gestures for 3D Objects. In Proceedings of the ACM International Conference on Interactive tabletops and surfaces (2013)

(ITS ’13). ACM, New York, NY, USA, 231–240. DOI:http://dx.doi.org/10.1145/2512349.2512825
[28] Thisum Buddhika, Haimo Zhang, Samantha W. T. Chan, Vipula Dissanayake, Suranga Nanayakkara, and Roger

Zimmermann. 2019. fSense: Unlocking the Dimension of Force for Gestural Interactions Using Smartwatch PPG

Sensor. In Proceedings of the 10th International Conference on Augmented Human (AH2019). ACM, New York, NY, USA,

1–5. DOI:http://dx.doi.org/10.1145/3311823.3311839
[29] Gary Burnett, Elizabeth Crundall, David Large, Glyn Lawson, and Lee Skrypchuk. 2013. A Study of Unidirectional

Swipe Gestures on In-vehicle Touch Screens. In Proceedings of the 5th International Conference on Automotive

User Interfaces and Interactive Vehicular Applications (AutomotiveUI ’13). ACM, New York, NY, USA, 22–29. DOI:
http://dx.doi.org/10.1145/2516540.2516545

[30] Daniel Buschek, Bianka Roppelt, and Florian Alt. 2018. Extending Keyboard Shortcuts with Arm and Wrist Rotation

Gestures. In Proceedings of the ACM Conference on Human Factors in Computing Systems (CHI ’18). ACM, New York,

NY, USA, 21:1–21:12. DOI:http://dx.doi.org/10.1145/3173574.3173595
[31] Maria Claudia Buzzi, Marina Buzzi, Barbara Leporini, and Amaury Trujillo. 2017. Analyzing visually impaired people’s

touch gestures on smartphones. Multimed Tools Appl 76, 4 (2017), 5141–5169. DOI:http://dx.doi.org/10.1007/s11042-
016-3594-9

[32] Francesco Cafaro, Leilah Lyons, and Alissa N. Antle. 2018. Framed Guessability: Improving the Discoverability of

Gestures and Body Movements for Full-Body Interaction. In Proceedings of the ACM Conference on Human Factors in

Computing Systems (CHI ’18). ACM, New York, NY, USA, 1–12. DOI:http://dx.doi.org/10.1145/3173574.3174167
[33] Maurizio Caon, Rico Süsse, Benoit Grelier, Omar Abou Khaled, and Elena Mugellini. 2019. Gesturing on the Handlebar:

A User-Elicitation Study for On-Bike Gestural Interaction. In Proceedings of the 20th Congress of the International

ACM Comput. Surv., Vol. 1, No. 1, Article . Publication date: December 2023.

http://dx.doi.org/10.1145/3310275
http://dx.doi.org/10.1145/2470654.2470734
http://dx.doi.org/10.1177/1541931214581239
http://dx.doi.org/10.1145/3404983.3405516
http://dx.doi.org/10.1145/3197391.3205449
http://dx.doi.org/10.1016/j.chb.2015.06.012
http://dx.doi.org/10.1145/2909824.3020223
http://dx.doi.org/10.1016/j.ijhcs.2012.06.001
http://dx.doi.org/10.1145/3267782.3267796
http://dx.doi.org/10.1145/3267782.3267796
http://dx.doi.org/10.1145/3294109.3300996
http://dx.doi.org/10.1145/3064663.3064766
http://dx.doi.org/10.1145/3064663.3064766
http://dx.doi.org/10.18178/ijmerr.8.6.852-859
http://dx.doi.org/10.1145/2512349.2512825
http://dx.doi.org/10.1145/3311823.3311839
http://dx.doi.org/10.1145/2516540.2516545
http://dx.doi.org/10.1145/3173574.3173595
http://dx.doi.org/10.1007/s11042-016-3594-9
http://dx.doi.org/10.1007/s11042-016-3594-9
http://dx.doi.org/10.1145/3173574.3174167


42 Santiago Villarreal-Narvaez et al.

Ergonomics Association, Advances in Intelligent Systems and Computing (IEA ’18), Sebastiano Bagnara, Riccardo

Tartaglia, Sara Albolino, Thomas Alexander, and Yushi Fujita (Eds.). Springer International Publishing, 2019, 429–439.

[34] Jessica R. Cauchard, Jane L. E, Kevin Y. Zhai, and James A. Landay. 2015. Drone & Me: An Exploration into Natural

Human-drone Interaction. In Proceedings of the ACM International Joint Conference on Pervasive and Ubiquitous

Computing (UbiComp ’15). ACM, New York, NY, USA, 361–365. DOI:http://dx.doi.org/10.1145/2750858.2805823
[35] Edwin Chan, Teddy Seyed, Wolfgang Stuerzlinger, Xing-Dong Yang, and Frank Maurer. 2016. User Elicitation on

Single-hand Microgestures. In Proceedings of the ACM Conference on Human Factors in Computing Systems (CHI ’16).

ACM, New York, NY, USA, 3403–3414. DOI:http://dx.doi.org/10.1145/2858036.2858589
[36] Li-Chieh Chen, Po-Ying Chu, and Yun-Maw Cheng. 2016. Exploring the Ergonomic Issues of User-Defined Mid-Air

Gestures for Interactive Product Exhibition. In Proceedungs of International Conference on Distributed, Ambient, and

Pervasive Interactions (DAPI ’16), Vol. 9749. Springer, Cham, Cham, 180–190. DOI:http://dx.doi.org/10.1007/978-3-
319-39862-4_17

[37] Yu-Chun Chen, Chia-Ying Liao, Shuo-wen Hsu, Da-Yuan Huang, and Bing-Yu Chen. 2020. Exploring User Defined

Gestures for Ear-Based Interactions. Proc. ACM Hum.-Comput. Interact. 4 (2020), 186:1–186:20. Issue ISS. DOI:
http://dx.doi.org/10.1145/3427314

[38] Zhen Chen, Xiaochi Ma, Zeya Peng, Ying Zhou, Mengge Yao, Zheng Ma, Ci Wang, Zaifeng Gao, and Mowei Shen.

2018. User-Defined Gestures for Gestural Interaction: Extending from Hands to Other Body Parts. International

Journal of Human–Computer Interaction 34, 3 (2018), 238–250. DOI:http://dx.doi.org/10.1080/10447318.2017.1342943
[39] D. Clark, Gradeigh, Janne Lindqvist, and Antti Oulasvirta. 2017. Composition policies for gesture passwords: User

choice, security, usability and memorability. In Proceedings of the IEEE Conference on Communications and Network

Security (CNS ’17). IEEE, Manhattan, NY, USA, 1–9. DOI:http://dx.doi.org/10.1109/CNS.2017.8228644
[40] Sabrina Connell, Pei-Yi Kuo, Liu Liu, and Anne Marie Piper. 2013. A Wizard-of-Oz Elicitation Study Examining

Child-defined Gestures with a Whole-body Interface. In Proceedings of the ACM Conference on Interaction Design and

Children (IDC ’13). ACM, New York, NY, USA, 277–280. DOI:http://dx.doi.org/10.1145/2485760.2485823
[41] Jian Cui, Arjan Kuijper, Dieter W. Fellner, and Alexei Sourin. 2016. Understanding People’s Mental Models of Mid-Air

Interaction for Virtual Assembly and Shape Modeling. In Proceedings of the 29th International Conference on Computer

Animation and Social Agents (CASA ’16). ACM, New York, NY, USA, 139–146. DOI:http://dx.doi.org/10.1145/2915926.
2919330

[42] David Céspedes-Hernández and Juan Manuel González-Calleros. 2019. A methodology for gestural interaction relying

on user-defined gestures sets following a one-shot learning approach. Journal of Intelligent & Fuzzy Systems 36, 5

(2019), 5001–5010. DOI:http://dx.doi.org/10.3233/JIFS-179046
[43] Lavinia Andreea Danielescu, Erin A Walker, Winslow Burleson, Kurt VanLehn, Anastasia Kuznetsov, and Mary Lou

Maher. 2019. Discoverable Free Space Gesture Sets for Walk-Up-and-Use Interactions. In ASU Electronic Theses and

Dissertations. Arizona State University, Arizona, USA. http://hdl.handle.net/2286/R.I.53451

[44] Suranjith De Silva, Michael Barlow, and Adam Easton. 2013. Harnessing Multi-user Design and Computation to Devise

Archetypal Whole-of-body Gestures: A Novel Framework. In Proceedings of the 25th Australian Computer-Human

Interaction Conference (OzCHI ’13). ACM, New York, NY, USA, 85–94. DOI:http://dx.doi.org/10.1145/2541016.2541020
[45] Giuseppe Desolda, Carmelo Ardito, Hans-Christian Jetter, and Rosa Lanzilotti. 2019. Exploring spatially-aware

cross-device interaction techniques for mobile collaborative sensemaking. International Journal of Human-Computer

Studies 122 (2019), 1–20. DOI:http://dx.doi.org/10.1016/j.ijhcs.2018.08.006
[46] Bastian Dewitz, Frank Steinicke, and Christian Geiger. 2019. Functional Workspace for One-Handed Tap and

Swipe Microgestures. In Mensch und Computer 2019 - Workshopband. Gesellschaft für Informatik e.V., Bonn, –. DOI:
http://dx.doi.org/10.18420/muc2019-ws-440

[47] Linda Di Geronimo, Marica Bertarini, Julia Badertscher, Maria Husmann, and Moira C. Norrie. 2017. Exploiting

Mid-air Gestures to Share Data Among Devices. In Proceedings of the 19th International Conference on Human-

Computer Interaction with Mobile Devices and Services (MobileHCI ’17). ACM, New York, NY, USA, 1–11. DOI:
http://dx.doi.org/10.1145/3098279.3098530

[48] Christine Dierk, Scott Carter, Patrick Chiu, Tony Dunnigan, and Don Kimber. 2019. Use Your Head! Exploring

Interaction Modalities for Hat Technologies. In Proceedings of the 2019 on Designing Interactive Systems Conference

(June 23-28, 2019) (DIS ’19). ACM, New York, NY, USA, 1033–1045. DOI:http://dx.doi.org/10.1145/3322276.3322356
[49] Nem Khan Dim and Xiangshi Ren. 2014. Designing Motion Gesture Interfaces in Mobile Phones for Blind People. J.

Comput. Sci. Technol. 29, 5 (2014), 812–824. DOI:http://dx.doi.org/10.1007/s11390-014-1470-5
[50] Nem Khan Dim, Chaklam Silpasuwanchai, Sayan Sarcar, and Xiangshi Ren. 2016. Designing Mid-Air TV Gestures for

Blind People Using User- and Choice-Based Elicitation Approaches. In Proceedings of the 2016 ACM Conference on

Designing Interactive Systems (DIS ’16). ACM, New York, NY, USA, 204–214. DOI:http://dx.doi.org/10.1145/2901790.
2901834

[51] Tilman Dingler, Rufat Rzayev, Alireza Sahami Shirazi, and Niels Henze. 2018. Designing Consistent Gestures Across

ACM Comput. Surv., Vol. 1, No. 1, Article . Publication date: December 2023.

http://dx.doi.org/10.1145/2750858.2805823
http://dx.doi.org/10.1145/2858036.2858589
http://dx.doi.org/10.1007/978-3-319-39862-4_17
http://dx.doi.org/10.1007/978-3-319-39862-4_17
http://dx.doi.org/10.1145/3427314
http://dx.doi.org/10.1080/10447318.2017.1342943
http://dx.doi.org/10.1109/CNS.2017.8228644
http://dx.doi.org/10.1145/2485760.2485823
http://dx.doi.org/10.1145/2915926.2919330
http://dx.doi.org/10.1145/2915926.2919330
http://dx.doi.org/10.3233/JIFS-179046
http://hdl.handle.net/2286/R.I.53451
http://dx.doi.org/10.1145/2541016.2541020
http://dx.doi.org/10.1016/j.ijhcs.2018.08.006
http://dx.doi.org/10.18420/muc2019-ws-440
http://dx.doi.org/10.1145/3098279.3098530
http://dx.doi.org/10.1145/3322276.3322356
http://dx.doi.org/10.1007/s11390-014-1470-5
http://dx.doi.org/10.1145/2901790.2901834
http://dx.doi.org/10.1145/2901790.2901834


Brave New GES World: A Systematic Literature Review of Gestures and Referents in Gesture Elicitation Studies 43

Device Types: Eliciting RSVP Controls for Phone, Watch, and Glasses. In Proceedings of the ACM Conference on Human

Factors in Computing Systems (CHI ’18). ACM, New York, NY, USA, 1–12. DOI:http://dx.doi.org/10.1145/3173574.
3173993

[52] Haiwei Dong, Ali Danesh, Nadia Figueroa, and Abdulmotaleb El Saddik. 2015a. An Elicitation Study on Gesture

Preferences and Memorability Toward a Practical Hand-Gesture Vocabulary for Smart Televisions. IEEE Access 3

(2015), 543–555. DOI:http://dx.doi.org/10.1109/ACCESS.2015.2432679
[53] Haiwei Dong, Nadia Figueroa, and Abdulmotaleb El Saddik. 2015b. An Elicitation Study on Gesture Attitudes and

Preferences Towards an Interactive Hand-Gesture Vocabulary. In Proceedings of the 23rd ACM international conference

on Multimedia (MM ’15). ACM, New York, NY, USA, 999–1002. DOI:http://dx.doi.org/10.1145/2733373.2806385
[54] Guiying Du, Auriol Degbelo, and Christian Kray. 2019. User-Generated Gestures for Voting and Commenting

on Immersive Displays in Urban Planning. Multimodal Technologies and Interaction 3, 2 (2019), 31. DOI:http:
//dx.doi.org/10.3390/mti3020031

[55] Guiying Du, Auriol Degbelo, Christian Kray, and Marco Painho. Autumn 2018. Gestural interaction with 3D objects

shown on public displays: an elicitation study. Interaction Design and Architecture(s) 38 (Autumn 2018), 184–202.

http://ixdea.uniroma2.it/inevent/events/idea2010/index.php?s=10&a=10&link=ToC_38_P&link=38_10_abstract

[56] Jane L. E, Ilene L. E, James A. Landay, and Jessica R. Cauchard. 2017. Drone & Wo: Cultural Influences on Human-

Drone Interaction Techniques. In Proceedings of the 2017 CHI Conference on Human Factors in Computing Systems

(CHI ’17). Association for Computing Machinery, New York, NY, USA, 6794–6799. DOI:http://dx.doi.org/10.1145/
3025453.3025755

[57] Orlando Erazo, Yosra Rekik, Laurent Grisoni, and José A. Pino. 2017. UnderstandingGesture Articulations Variability. In

Proceedings of the IFIP TC13 Conference on Human-Computer Interaction, Lecture Notes in Computer Science (INTERACT

’17), Vol. 10514. Springer, Cham, 293–314. DOI:http://dx.doi.org/10.1007/978-3-319-67684-5_18
[58] Shariff A. M. Faleel, Michael Gammon, Yumiko Sakamoto, Carlo Menon, and Pourang Irani. 2020. User gesture

elicitation of common smartphone tasks for hand proximate user interfaces. In Proceedings of the 11th International

Conference on Augmented Human (AH ’20). ACM, New York, NY, USA, 1–8. DOI:http://dx.doi.org/10.1145/3396339.
3396363

[59] Hessam Jahani Fariman, Hasan J. Alyamani, Manolya Kavakli, and Len Hamey. 2016. Designing a User-defined Gesture

Vocabulary for an In-vehicle Climate Control System. In Proceedings of the 28th Australian Conference on Computer-

Human Interaction (OzCHI ’16). ACM, New York, NY, USA, 391–395. DOI:http://dx.doi.org/10.1145/3010915.3010955
[60] Yasmin Felberbaum and Joel Lanir. 2016. Step by Step: Investigating Foot Gesture Interaction. In Proceedings of the

ACM International Working Conference on Advanced Visual Interfaces (AVI ’16). ACM, New York, NY, USA, 306–307.

DOI:http://dx.doi.org/10.1145/2909132.2926057
[61] Yasmin Felberbaum and Joel Lanir. 2018. Better Understanding of Foot Gestures: An Elicitation Study. In Proceedings

of the ACM Conference on Human Factors in Computing Systems (CHI ’18). ACM, New York, NY, USA, 1–12. DOI:
http://dx.doi.org/10.1145/3173574.3173908

[62] Michela Ferron, Nadia Mana, and Ornella Mich. 2019. Designing Mid-Air Gesture Interaction with Mobile Devices

for Older Adults. In Perspectives on Human-Computer Interaction Research with Older People, Sergio Sayago (Ed.).

Springer International Publishing, Berlin, 81–100. DOI:http://dx.doi.org/10.1007/978-3-030-06076-3_6
[63] Leah Findlater, Ben Lee, and Jacob Wobbrock. 2012. Beyond QWERTY: Augmenting Touch Screen Keyboards with

Multi-touch Gestures for Non-alphanumeric Input. In Proceedings of ACM Conference on Human Factors in Computing

Systems (CHI ’12). ACM, New York, NY, USA, 2679–2682. DOI:http://dx.doi.org/10.1145/2207676.2208660
[64] Justin W. Firestone, Rubi Quiñones, and Brittany A. Duncan. 2019. Learning from Users: an Elicitation Study and

Taxonomy for Communicating Small Unmanned Aerial System States Through Gestures. In Proceedings of the 14th

ACM/IEEE International Conference on Human-Robot Interaction (HRI ’19). IEEE Computer Society Press, Piscataway,

NJ, USA, 163–171. DOI:http://dx.doi.org/10.1109/HRI.2019.8673010
[65] Euan Freeman, Gareth Griffiths, and Stephen A. Brewster. 2017. Rhythmic Micro-gestures: Discreet Interaction

On-the-go. In Proceedings of the ACM Conference on Multimodal Interaction (2017) (ICMI ’17). ACM, New York, NY,

USA, 115–119. DOI:http://dx.doi.org/10.1145/3136755.3136815
[66] Mathias Frisch, Jens Heydekorn, and Raimund Dachselt. 2009. Investigating Multi-touch and Pen Gestures for

Diagram Editing on Interactive Surfaces. In Proceedings of the ACM International Conference on Interactive Tabletops

and Surfaces (ITS ’09). ACM, New York, NY, USA, 149–156. DOI:http://dx.doi.org/10.1145/1731903.1731933
[67] Priya Ganapathi and Keyur Sorathia. 2019. Elicitation Study of Body Gestures for Locomotion in HMD-VR Interfaces

in a Sitting-Position. In Proceedings of the ACM Conference on Motion, Interaction, and Games (MIG ’19). ACM, New

York, NY, USA, 1–10. DOI:http://dx.doi.org/10.1145/3359566.3360059
[68] Franca Garzotto, Mirko Gelsomini, Roberto Mangano, Luigi Oliveto, and Matteo Valoriani. 2014. From Desktop

to Touchless Interfaces: A Model Based Approach. In Proceedings of the ACM International Working Conference on

Advanced Visual Interfaces (AVI ’14). ACM, New York, NY, USA, 261–264. DOI:http://dx.doi.org/10.1145/2598153.

ACM Comput. Surv., Vol. 1, No. 1, Article . Publication date: December 2023.

http://dx.doi.org/10.1145/3173574.3173993
http://dx.doi.org/10.1145/3173574.3173993
http://dx.doi.org/10.1109/ACCESS.2015.2432679
http://dx.doi.org/10.1145/2733373.2806385
http://dx.doi.org/10.3390/mti3020031
http://dx.doi.org/10.3390/mti3020031
http://ixdea.uniroma2.it/inevent/events/idea2010/index.php?s=10&a=10&link=ToC_38_P&link=38_10_abstract
http://dx.doi.org/10.1145/3025453.3025755
http://dx.doi.org/10.1145/3025453.3025755
http://dx.doi.org/10.1007/978-3-319-67684-5_18
http://dx.doi.org/10.1145/3396339.3396363
http://dx.doi.org/10.1145/3396339.3396363
http://dx.doi.org/10.1145/3010915.3010955
http://dx.doi.org/10.1145/2909132.2926057
http://dx.doi.org/10.1145/3173574.3173908
http://dx.doi.org/10.1007/978-3-030-06076-3_6
http://dx.doi.org/10.1145/2207676.2208660
http://dx.doi.org/10.1109/HRI.2019.8673010
http://dx.doi.org/10.1145/3136755.3136815
http://dx.doi.org/10.1145/1731903.1731933
http://dx.doi.org/10.1145/3359566.3360059
http://dx.doi.org/10.1145/2598153.2598194
http://dx.doi.org/10.1145/2598153.2598194


44 Santiago Villarreal-Narvaez et al.

2598194

[69] Vito Gentile, Daniele Fundarò, and Salvatore Sorce. 2019. Elicitation and Evaluation of Zoom Gestures for Touchless

Interaction with Desktop Displays. In Proceedings of the 8th ACM International Symposium on Pervasive Displays

(PerDis ’19). ACM, New York, NY, USA, 1–7. DOI:http://dx.doi.org/10.1145/3321335.3324934
[70] Vito Gentile, Salvatore Sorce, Alessio Malizia, Fabrizio Milazzo, and Antonio Gentile. 2017. Investigating How

User Avatar in Touchless Interfaces Affects Perceived Cognitive Load and Two-handed Interactions. In Proceedings

of the 6th ACM International Symposium on Pervasive Displays (PerDis ’17). ACM, New York, NY, USA, 1–7. DOI:
http://dx.doi.org/10.1145/3078810.3078831

[71] Bogdan-Florin Gheran, Jean Vanderdonckt, and Radu-Daniel Vatavu. 2018. Gestures for Smart Rings: Empirical

Results, Insights, and Design Implications. In Proceedings of the 2018 Designing Interactive Systems Conference (DIS

’18). ACM, New York, NY, USA, 623–635. DOI:http://dx.doi.org/10.1145/3196709.3196741
[72] Antonio Gomes, Lahiru Lakmal Priyadarshana, Aaron Visser, Juan Pablo Carrascal, and Roel Vertegaal. 2018. Mag-

icscroll: A Rollable Display Device with Flexible Screen Real Estate and Gestural Input. In Proceedings of the 20th

International Conference on Human-Computer Interaction with Mobile Devices and Services (MobileHCI ’18). ACM, New

York, NY, USA, 1–11. DOI:http://dx.doi.org/10.1145/3229434.3229442
[73] Glebys Gonzalez, Naveen Madapana, Rahul Taneja, Lingsong Zhang, Richard Rodgers, and Juan P. Wachs. 2018.

Looking Beyond the Gesture: Vocabulary Acceptability Criteria for Gesture Elicitation Studies. Proceedings of

the Human Factors and Ergonomics Society Annual Meeting 62, 1 (2018), 997–1001. DOI:http://dx.doi.org/10.1177/
1541931218621230

[74] Daniela Grijincu, Miguel A. Nacenta, and Per Ola Kristensson. 2014. User-defined Interface Gestures: Dataset and

Analysis. In Proceedings of the 9th ACM International Conference on Interactive Tabletops and Surfaces (ITS ’14). ACM,

New York, NY, USA, 25–34. DOI:http://dx.doi.org/10.1145/2669485.2669511
[75] Josefina Guerrero-García, Claudia González, and David Pinto. 2017. Studying User-defined Body Gestures for

Navigating Interactive Maps. In Proceedings of the XVIII International Conference on Human Computer Interaction

(Interacción ’17). ACM, New York, NY, USA, 49:1–49:4. DOI:http://dx.doi.org/10.1145/3123818.3123851
[76] Saikat Gupta, Sujin Jang, and Karthik Ramani. 2014. PuppetX: A Framework for Gestural Interactions with User

Constructed Playthings. In Proceedings of the ACM International Working Conference on Advanced Visual Interfaces

(AVI ’14). ACM, New York, NY, USA, 73–80. DOI:http://dx.doi.org/10.1145/2598153.2598171
[77] Robin Guérit, Alessandro Cierro, Jean Vanderdonckt, and Jorge Luis Pérez-Medina. 2019. Gesture Elicitation and

Usability Testing for an Armband Interacting with Netflix and Spotify. In Proceedings of the International Conference

on Information Technology & Systems,Advances in Intelligent Systems and Computing (ICITS ’19), Álvaro Rocha, Carlos

Ferrás, and Manolo Paredes (Eds.). Springer International Publishing, Berlin, 625–637. DOI:http://dx.doi.org/https:
//doi.org/10.1007/978-3-030-11890-7_60

[78] Teng Han, Khalad Hasan, Keisuke Nakamura, Randy Gomez, and Pourang Irani. 2017. SoundCraft: Enabling

Spatial Interactions on Smartwatches Using Hand Generated Acoustics. In Proceedings of the 30th Annual ACM

Symposium on User Interface Software and Technology (UIST ’17). ACM, New York, NY, USA, 579–591. DOI:http:
//dx.doi.org/10.1145/3126594.3126612

[79] Hayati Havlucu, Mehmet Yarkın Ergin, İdil Bostan, Oğuz Turan Buruk, Tilbe Göksun, and Oğuzhan Özcan. 2017. It

Made More Sense: Comparison of User-Elicited On-skin Touch and Freehand Gesture Sets. In Distributed, Ambient

and Pervasive Interactions, Norbert Streitz and Panos Markopoulos (Eds.). Springer International Publishing, Cham,

159–171.

[80] Niels Henze, Andreas Löcken, Susanne Boll, Tobias Hesselmann, and Martin Pielot. 2010. Free-hand Gestures for

Music Playback: Deriving Gestures with a User-centred Process. In Proceedings of the 9th International Conference

on Mobile and Ubiquitous Multimedia (MUM ’10). ACM, New York, NY, USA, 1–10. DOI:http://dx.doi.org/10.1145/
1899475.1899491

[81] Nico Herbig, Santanu Pal, Josef van Genabith, and Antonio Krüger. 2019. Multi-Modal Approaches for Post-Editing

Machine Translation. In Proceedings of the 2019 CHI Conference on Human Factors in Computing Systems (2019) (CHI

’19). ACM, New York, NY, USA, 231:1–231:11. DOI:http://dx.doi.org/10.1145/3290605.3300461
[82] Jahani F. Hessam, Massimo Zancanaro, Manolya Kavakli, and Mark Billinghurst. 2017. Towards Optimization of

Mid-air Gestures for In-vehicle Interactions. In Proceedings of the 29th Australian Conference on Computer-Human

Interaction (2017) (OZCHI ’17). ACM, New York, NY, USA, 126–134. DOI:http://dx.doi.org/10.1145/3152771.3152785
[83] Jens Heydekorn, Mathias Frisch, and Raimund Dachselt. 2011. Evaluating a User-Elicited Gesture Set for Interactive

Displays. InMensch & Computer 2011: überMEDIEN|ÜBERmorgen, Maximilian Eibl (Ed.). Oldenbourg Verlag, München,

191–200.

[84] Martin Hitz, Ekaterina Konigstorfer, and Ekaterina Peshkova. 2019. Exploring Cognitive Load of Single and Mixed

Mental Models Gesture Sets for UAV Navigation. In 1st International Workshop on Human-Drone Interaction. Ecole

Nationale de l’Aviation Civile ENAC, Glasgow, United Kingdom, –. https://hal.archives-ouvertes.fr/hal-02128398

ACM Comput. Surv., Vol. 1, No. 1, Article . Publication date: December 2023.

http://dx.doi.org/10.1145/2598153.2598194
http://dx.doi.org/10.1145/2598153.2598194
http://dx.doi.org/10.1145/3321335.3324934
http://dx.doi.org/10.1145/3078810.3078831
http://dx.doi.org/10.1145/3196709.3196741
http://dx.doi.org/10.1145/3229434.3229442
http://dx.doi.org/10.1177/1541931218621230
http://dx.doi.org/10.1177/1541931218621230
http://dx.doi.org/10.1145/2669485.2669511
http://dx.doi.org/10.1145/3123818.3123851
http://dx.doi.org/10.1145/2598153.2598171
http://dx.doi.org/https://doi.org/10.1007/978-3-030-11890-7_60
http://dx.doi.org/https://doi.org/10.1007/978-3-030-11890-7_60
http://dx.doi.org/10.1145/3126594.3126612
http://dx.doi.org/10.1145/3126594.3126612
http://dx.doi.org/10.1145/1899475.1899491
http://dx.doi.org/10.1145/1899475.1899491
http://dx.doi.org/10.1145/3290605.3300461
http://dx.doi.org/10.1145/3152771.3152785
https://hal.archives-ouvertes.fr/hal-02128398


Brave New GES World: A Systematic Literature Review of Gestures and Referents in Gesture Elicitation Studies 45

[85] Lynn Hoff, Eva Hornecker, and Sven Bertel. 2016. Modifying Gesture Elicitation: Do Kinaesthetic Priming and

Increased Production Reduce Legacy Bias?. In Proceedings of the TEI ’16: Tenth International Conference on Tangible,

Embedded, and Embodied Interaction (TEI ’16). Association for Computing Machinery, New York, NY, USA, 86–91.

DOI:http://dx.doi.org/10.1145/2839462.2839472
[86] Wenjun Hou, Guangyu Feng, and Yiting Cheng. 2019. A fuzzy interaction scheme of mid-air gesture elicitation. Journal

of Visual Communication and Image Representation 64 (2019), 102637. DOI:http://dx.doi.org/10.1016/j.jvcir.2019.102637
[87] Jochen Huber, Mohamed Sheik-Nainar, and Nada Matic. 2016. Towards an Interaction Language for Force-Enabled

Touchpads in Cars. In Adjunct Proceedings of the 8th International Conference on Automotive User Interfaces and

Interactive Vehicular Applications (AutomotiveUI ’16 Adjunct). Association for Computing Machinery, New York, NY,

USA, 197–202. DOI:http://dx.doi.org/10.1145/3004323.3004347
[88] Jochen Huber, Mohamed Sheik-Nainar, and Nada Matic. 2017. Force-Enabled Touch Input on the Steering Wheel:

An Elicitation Study. In Proceedings of the 9th International Conference on Automotive User Interfaces and Interactive

Vehicular Applications Adjunct (AutomotiveUI ’17). Association for ComputingMachinery, New York, NY, USA, 168–172.

DOI:http://dx.doi.org/10.1145/3131726.3131740
[89] Hessam Jahani, Hasan J. Alyamani, Manolya Kavakli, Arindam Dey, and Mark Billinghurst. 2017. User Evaluation of

Hand Gestures for Designing an Intelligent In-Vehicle Interface. In Designing the Digital Transformation, Alexander

Maedche, Jan vom Brocke, and Alan Hevner (Eds.). Springer International Publishing, Cham, 104–121.

[90] Hessam Jahani and Manolya Kavakli. 2018. Exploring a user-defined gesture vocabulary for descriptive mid-air

interactions. Cogn Tech Work 20, 1 (2018), 11–22. DOI:http://dx.doi.org/10.1007/s10111-017-0444-0
[91] Hessam Jahani-Fariman. 2017. Developing a User-Defined Interface for In-Vehicle Mid-Air Gestural Interactions.

In Proceedings of the 22nd International Conference on Intelligent User Interfaces Companion (IUI ’17 Companion).

Association for Computing Machinery, New York, NY, USA, 165–168. DOI:http://dx.doi.org/10.1145/3030024.3038277
[92] Xu Jia, Kun-Pyo Lee, and Hyeon-Jeong Suk. 2011. Considerations of Applying Surface-Based Phone Gestures

to Natural Context. In Proceedings of the 13th International Conference on Ubiquitous Computing (UbiComp ’11).

Association for Computing Machinery, New York, NY, USA, 545–546. DOI:http://dx.doi.org/10.1145/2030112.2030205
[93] Tero Jokela, Parisa Pour Rezaei, and Kaisa Väänänen. 2016. Using Elicitation Studies to Generate Collocated Interaction

Methods. In Proceedings of the 18th International Conference on Human-Computer Interaction with Mobile Devices and

Services Adjunct (2016) (MobileHCI ’16). ACM, New York, NY, USA, 1129–1133. DOI:http://dx.doi.org/10.1145/2957265.
2962654

[94] Katherina A. Jurewicz, David M. Neyens, Ken Catchpole, and Scott T. Reeves. 2018. Developing a 3D Gestural Interface

for Anesthesia-Related Human-Computer Interaction Tasks Using Both Experts and Novices. Human Factors 60, 7

(2018), 992–1007. DOI:http://dx.doi.org/10.1177/0018720818780544 PMID: 29906400.

[95] Jean-François Jégo, Alexis Paljic, and Philippe Fuchs. 2013. User-defined gestural interaction: A study on gesture

memorization. In 2013 IEEE Symposium on 3D User Interfaces (3DUI). IEEE, Orlando, FL, USA, 7–10. DOI:http:
//dx.doi.org/10.1109/3DUI.2013.6550189

[96] Shaun K. Kane, Jacob O. Wobbrock, and Richard E. Ladner. 2011. Usable Gestures for Blind People: Understanding

Preference and Performance. In Proceedings of the SIGCHI Conference on Human Factors in Computing Systems (CHI ’11).

Association for Computing Machinery, New York, NY, USA, 413–422. DOI:http://dx.doi.org/10.1145/1978942.1979001
[97] Frederic Kerber, Markus Löchtefeld, Antonio Krüger, Jess McIntosh, Charlie McNeill, and Mike Fraser. 2016. Un-

derstanding Same-Side Interactions with Wrist-Worn Devices. In Proceedings of the 9th Nordic Conference on

Human-Computer Interaction (October 23-27, 2016) (NordiCHI ’16). ACM, New York, NY, USA, 28:1–28:10. DOI:
http://dx.doi.org/10.1145/2971485.2971519

[98] Sumbul Khan, Hasitha Rajapakse, Haimo Zhang, Suranga Nanayakkara, Bige Tuncer, and Lucienne Blessing. 2017.

GesCAD: An Intuitive Interface for Conceptual Architectural Design. In Proceedings of the 29th Australian Conference

on Computer-Human Interaction (OZCHI ’17). Association for Computing Machinery, New York, NY, USA, 402–406.

DOI:http://dx.doi.org/10.1145/3152771.3156145
[99] Sumbul Khan and Bige Tunçer. 2017. Intuitive and Effective Gestures for Conceptual Architectural Design: An

Analysis Of User Elicited Hand Gestures For 3D CAD Modeling. In ACADIA 2017: DISCIPLINES & DISRUPTION

[Proceedings of the 37th Annual Conference of the Association for Computer Aided Design in Architecture (ACADIA)

ISBN 978-0-692-96506-1] Cambridge, MA 2-4 November, 2017), pp. 318- 323 (2017). CUMINCAD, Cambridge, 318– 323.

http://papers.cumincad.org/cgi-bin/works/Show?acadia17_318

[100] Sumbul Khan and Bige Tunçer. 2019. Gesture and speech elicitation for 3D CAD modeling in conceptual design.

Automation in Construction 106 (2019), 102847. DOI:http://dx.doi.org/10.1016/j.autcon.2019.102847
[101] Sumbul Khan, Bige Tunçer, Ramanathan Subramanian, and Lucienne Blessing. 2019. 3D CADmodeling using gestures

and speech: Investigating CAD legacy and non-legacy procedures. "Hello, Culture!" 18th International Conference,

CAAD Futures 2019 18, 18 (2019), 20.

[102] Hyoyoung Kim, Heesun Kim, Dongeon Lee, and Ji-hyung Park. 2017. User-DefinedHandGestures for Small Cylindrical

ACM Comput. Surv., Vol. 1, No. 1, Article . Publication date: December 2023.

http://dx.doi.org/10.1145/2839462.2839472
http://dx.doi.org/10.1016/j.jvcir.2019.102637
http://dx.doi.org/10.1145/3004323.3004347
http://dx.doi.org/10.1145/3131726.3131740
http://dx.doi.org/10.1007/s10111-017-0444-0
http://dx.doi.org/10.1145/3030024.3038277
http://dx.doi.org/10.1145/2030112.2030205
http://dx.doi.org/10.1145/2957265.2962654
http://dx.doi.org/10.1145/2957265.2962654
http://dx.doi.org/10.1177/0018720818780544
http://dx.doi.org/10.1109/3DUI.2013.6550189
http://dx.doi.org/10.1109/3DUI.2013.6550189
http://dx.doi.org/10.1145/1978942.1979001
http://dx.doi.org/10.1145/2971485.2971519
http://dx.doi.org/10.1145/3152771.3156145
http://papers.cumincad.org/cgi-bin/works/Show?acadia17_318
http://dx.doi.org/10.1016/j.autcon.2019.102847


46 Santiago Villarreal-Narvaez et al.

Displays. The Journal of the Korea Contents Association 17, 3 (2017), 74–87. DOI:http://dx.doi.org/10.5392/JKCA.2017.
17.03.074

[103] Ju-Whan Kim, Han-Jong Kim, and Tek-Jin Nam. 2016. M.Gesture: An Acceleration-Based Gesture Authoring System

onMultiple Handheld andWearable Devices. In Proceedings of the 2016 CHI Conference on Human Factors in Computing

Systems (2016) (CHI ’16). ACM, New York, NY, USA, 2307–2318. DOI:http://dx.doi.org/10.1145/2858036.2858358
[104] KwanMyung Kim, Dongwoo Joo, and Kun-Pyo Lee. 2010. Wearable-object-based Interaction for a Mobile Audio

Device. In CHI ’10 Extended Abstracts on Human Factors in Computing Systems (2010) (CHI EA ’10). ACM, New York,

NY, USA, 3865–3870. DOI:http://dx.doi.org/10.1145/1753846.1754070
[105] Lawrence H. Kim, Daniel S. Drew, Veronika Domova, and Sean Follmer. 2020. User-defined Swarm Robot Control. In

Proceedings of the 2020 CHI Conference on Human Factors in Computing Systems (April 21, 2020) (CHI ’20). Association

for Computing Machinery, New York, NY, USA, 1–13. DOI:http://dx.doi.org/10.1145/3313831.3376814
[106] Sangyeon Kim and Sangwon Lee. 2020. Touch Digitality: Affordance Effects of Visual Properties on Gesture Selection.

In Extended Abstracts of the 2020 CHI Conference on Human Factors in Computing Systems (CHI EA ’20). Association

for Computing Machinery, New York, NY, USA, 1–8. DOI:http://dx.doi.org/10.1145/3334480.3382914
[107] Felix Kistler and Elisabeth André. 2013. User-Defined Body Gestures for an Interactive Storytelling Scenario. In

Human-Computer Interaction – INTERACT 2013, Paula Kotzé, Gary Marsden, Gitte Lindgaard, Janet Wesson, and

Marco Winckler (Eds.). Springer Berlin Heidelberg, Berlin, Heidelberg, 264–281.

[108] Marion Koelle, Swamy Ananthanarayan, Simon Czupalla, Wilko Heuten, and Susanne Boll. 2018. Your Smart Glasses’

Camera Bothers Me!: Exploring Opt-in and Opt-out Gestures for Privacy Mediation. In Proceedings of the 10th

Nordic Conference on Human-Computer Interaction (2018) (NordiCHI ’18). ACM, New York, NY, USA, 473–481. DOI:
http://dx.doi.org/10.1145/3240167.3240174

[109] Jung In Koh, Josh Cherian, Paul Taele, and Tracy Hammond. 2019. Developing a Hand Gesture Recognition System

for Mapping Symbolic Hand Gestures to Analogous Emojis in Computer-Mediated Communication. ACM Trans.

Interact. Intell. Syst. 9, 1 (2019), 1–35. DOI:http://dx.doi.org/10.1145/3297277
[110] Barry Kollee, Sven Kratz, and Anthony Dunnigan. 2014. Exploring Gestural Interaction in Smart Spaces Using Head

Mounted Devices with Ego-Centric Sensing. In Proceedings of the 2nd ACM Symposium on Spatial User Interaction

(SUI ’14). Association for Computing Machinery, New York, NY, USA, 40–49. DOI:http://dx.doi.org/10.1145/2659766.
2659781

[111] Panayiotis Koutsabasis and Chris K. Domouzis. 2016. Mid-Air Browsing and Selection in Image Collections. In

Proceedings of the International Working Conference on Advanced Visual Interfaces (AVI ’16). Association for Computing

Machinery, New York, NY, USA, 21–27. DOI:http://dx.doi.org/10.1145/2909132.2909248
[112] Christine Kühnel, Tilo Westermann, Fabian Hemmert, Sven Kratz, Alexander Müller, and Sebastian Möller. 2011.

I’m home: Defining and evaluating a gesture set for smart-home control. International Journal of Human-Computer

Studies 69, 11 (2011), 693–704. DOI:http://dx.doi.org/10.1016/j.ijhcs.2011.04.005
[113] Daniel Künkel, Birgit Bomsdorf, Rainer Röhrig, Janko Ahlbrandt, and Markus Weigand. 2015. PARTICIPATIVE

DEVELOPMENT OF TOUCHLESS USER INTERFACES: ELICITATION AND EVALUATION OF CONTACTLESS

HAND GESTURES FOR ANESTHESIA. In Computer Graphics, Visualization, Computer Vision and Image Processing

2015 (2015). iades, Las Palmas de Gran Canaria, Spain, 43–50. http://www.iadisportal.org/digital-library/participative-

development-of-touchless-user-interfaces-elicitation-and-evaluation-of-contactless-hand-gestures-for-anesthesia

[114] Huy Viet Le, Sven Mayer, Maximilian Weiß, Jonas Vogelsang, Henrike Weingärtner, and Niels Henze. 2020. Shortcut

Gestures for Mobile Text Editing on Fully Touch Sensitive Smartphones. ACM Trans. Comput.-Hum. Interact. 27, 5

(2020), 33:1–33:38. DOI:http://dx.doi.org/10.1145/3396233
[115] Bokyung Lee, Minjoo Cho, Joonhee Min, and Daniel Saakes. 2016. Posing and Acting As Input for Personalizing

Furniture. In Proceedings of the 9th Nordic Conference on Human-Computer Interaction (2016) (NordiCHI ’16). ACM,

New York, NY, USA, 44:1–44:10. DOI:http://dx.doi.org/10.1145/2971485.2971487
[116] DoYoung Lee, Youryang Lee, Yonghwan Shin, and Ian Oakley. 2018. Designing Socially Acceptable Hand-to-Face

Input. In Proceedings of the 31st Annual ACM Symposium on User Interface Software and Technology (October 14-17,

2018) (UIST ’18). ACM, New York, NY, USA, 711–723. DOI:http://dx.doi.org/10.1145/3242587.3242642
[117] DoYoung Lee, Ian Roland Oakley, and YuRyang Lee. 2016. Bodily input for wearables: an elicitation study. HCI 1, 1

(2016), 283–285.

[118] Lina Lee, Yousra Javed, Steven Danilowicz, and Mary Lou Maher. 2014. Information at the Wave of Your Hand. In

Proceedings of HCI Korea (HCIK ’15). Hanbit Media, Inc., Seoul, KOR, 63–70.

[119] Sang-Su Lee, Jeonghun Chae, Hyunjeong Kim, Youn-kyung Lim, and Kun-pyo Lee. 2013. Towards More Natural

Digital Content Manipulation via User Freehand Gestural Interaction in a Living Room. In Proceedings of the 2013

ACM International Joint Conference on Pervasive and Ubiquitous Computing (UbiComp ’13). Association for Computing

Machinery, New York, NY, USA, 617–626. DOI:http://dx.doi.org/10.1145/2493432.2493480
[120] Sang-Su Lee, Sohyun Kim, Bopil Jin, Eunji Choi, Boa Kim, Xu Jia, Daeeop Kim, and Kun-pyo Lee. 2010. How Users

ACM Comput. Surv., Vol. 1, No. 1, Article . Publication date: December 2023.

http://dx.doi.org/10.5392/JKCA.2017.17.03.074
http://dx.doi.org/10.5392/JKCA.2017.17.03.074
http://dx.doi.org/10.1145/2858036.2858358
http://dx.doi.org/10.1145/1753846.1754070
http://dx.doi.org/10.1145/3313831.3376814
http://dx.doi.org/10.1145/3334480.3382914
http://dx.doi.org/10.1145/3240167.3240174
http://dx.doi.org/10.1145/3297277
http://dx.doi.org/10.1145/2659766.2659781
http://dx.doi.org/10.1145/2659766.2659781
http://dx.doi.org/10.1145/2909132.2909248
http://dx.doi.org/10.1016/j.ijhcs.2011.04.005
http://www.iadisportal.org/digital-library/participative-development-of-touchless-user-interfaces-elicitation-and-evaluation-of-contactless-hand-gestures-for-anesthesia
http://www.iadisportal.org/digital-library/participative-development-of-touchless-user-interfaces-elicitation-and-evaluation-of-contactless-hand-gestures-for-anesthesia
http://dx.doi.org/10.1145/3396233
http://dx.doi.org/10.1145/2971485.2971487
http://dx.doi.org/10.1145/3242587.3242642
http://dx.doi.org/10.1145/2493432.2493480


Brave New GES World: A Systematic Literature Review of Gestures and Referents in Gesture Elicitation Studies 47

Manipulate Deformable Displays As Input Devices. In Proceedings of the SIGCHI Conference on Human Factors in

Computing Systems (2010) (CHI ’10). ACM, New York, NY, USA, 1647–1656. DOI:http://dx.doi.org/10.1145/1753326.
1753572

[121] Sang-su Lee, Youn-kyung Lim, and Kun-Pyo Lee. 2012. Exploring the Effects of Size on Deformable User Interfaces.

In Proceedings of the 14th International Conference on Human-computer Interaction with Mobile Devices and Services

Companion (September 21-24, 2012) (MobileHCI ’12). ACM, New York, NY, USA, 89–94. DOI:http://dx.doi.org/10.
1145/2371664.2371682

[122] Hoo Yong Leng, Noris Mohd Norowi, and Azrul Hazri Jantan. 2017. A User-Defined Gesture Set for Music Interaction

in Immersive Virtual Environment. In Proceedings of the 3rd International Conference on Human-Computer Interaction

and User Experience in Indonesia (CHIuXiD ’17). Association for Computing Machinery, New York, NY, USA, 44–51.

DOI:http://dx.doi.org/10.1145/3077343.3077348
[123] WingHoAndy Li, Kening Zhu, andHongbo Fu. 2017. Exploring the Design Space of Bezel-Initiated Gestures forMobile

Interaction. Int. J. Mob. Hum. Comput. Interact. 9, 1 (2017), 16–29. DOI:http://dx.doi.org/10.4018/IJMHCI.2017010102

[124] Xuan Li, Daisong Guan, Jingya Zhang, Xingtong Liu, Siqi Li, and Hui Tong. 2019. Exploration of Ideal Interaction

Scheme on Smart TV: Based on User Experience Research of Far-Field Speech and Mid-air Gesture Interaction. In

Design, User Experience, and Usability. User Experience in Advanced Technological Environments, Aaron Marcus and

Wentao Wang (Eds.). Springer International Publishing, Cham, 144–162.

[125] Hai-Ning Liang, Cary Williams, Myron Semegen, Wolfgang Stuerzlinger, and Pourang Irani. 2012. User-Defined

Surface+motion Gestures for 3d Manipulation of Objects at a Distance through a Mobile Device. In Proceedings of the

10th Asia Pacific Conference on Computer Human Interaction (APCHI ’12). Association for Computing Machinery, New

York, NY, USA, 299–308. DOI:http://dx.doi.org/10.1145/2350046.2350098
[126] Hongnan Lin. 2019. Using Passenger Elicitation for Developing Gesture Design Guidelines for Adjusting Highly

Automated Vehicle Dynamics. In Companion Publication of the 2019 on Designing Interactive Systems Conference 2019

Companion (June 23-28, 2019) (DIS ’19 Companion). ACM, New York, NY, USA, 97–100. DOI:http://dx.doi.org/10.
1145/3301019.3324878

[127] Qi Feng Liu, Keiko Katsuragawa, and Edward Lank. 2019. Eliciting Wrist and Finger Gestures to Guide Recognizer

Design. In Proceedings of Graphics Interface 2019 (GI 2019). Canadian Information Processing Society, Kingston,

Ontario, 9. DOI:http://dx.doi.org/10.20380/GI2019.09
[128] Jessica Lo and Audrey Girouard. 2017. Bendy: Exploring Mobile Gaming with Flexible Devices. In Proceedings of

the Eleventh International Conference on Tangible, Embedded, and Embodied Interaction (TEI ’17). Association for

Computing Machinery, New York, NY, USA, 163–172. DOI:http://dx.doi.org/10.1145/3024969.3024970
[129] Yihua Lou, Wenjun Wu, Radu-Daniel Vatavu, and Wei-Tek Tsai. 2017. Personalized gesture interactions for cyber-

physical smart-home environments. Sci. China Inf. Sci. 60, 7 (2017), 072104. DOI:http://dx.doi.org/10.1007/s11432-
015-1014-7

[130] Byron M. Lowens. 2018. Toward Privacy Enhanced Solutions For Granular Control Over Health Data Collected by

Wearable Devices. In Proceedings of the 2018 Workshop on MobiSys 2018 Ph.D. Forum (2018) (MobiSys PhD Forum ’18).

ACM, New York, NY, USA, 5–6. DOI:http://dx.doi.org/10.1145/3212711.3212714
[131] Vikas Luthra and Sanjay Ghosh. 2015. Understanding, Evaluating and Analyzing Touch Screen Gestures for Visually

Impaired Users in Mobile Environment. In Universal Access in Human-Computer Interaction. Access to Interaction,

Margherita Antona and Constantine Stephanidis (Eds.). Springer International Publishing, Cham, 25–36.

[132] Andreas Löcken, Tobias Hesselmann, Martin Pielot, Niels Henze, and Susanne Boll. 2012. User-centred process for

the definition of free-hand gestures applied to controlling music playback. Multimedia Systems 18, 1 (2012), 15–31.

DOI:http://dx.doi.org/10.1007/s00530-011-0240-2
[133] Naveen Madapana, Glebys Gonzalez, Richard Rodgers, Lingsong Zhang, and Juan P. Wachs. 2018. Gestures for Picture

Archiving and Communication Systems (PACS) operation in the operating room: Is there any standard? PLOS ONE

13, 6 (2018), e0198092. DOI:http://dx.doi.org/10.1371/journal.pone.0198092
[134] Naveen Madapana, Glebys Gonzalez, Rahul Taneja, Richard Rodgers, Lingsong Zhang, and Juan Wachs. 2019. Prefer-

ence elicitation: Obtaining gestural guidelines for PACS in neurosurgery. International Journal of Medical Informatics

130 (2019), 103934. DOI:http://dx.doi.org/10.1016/j.ijmedinf.2019.07.013

[135] Nathan Magrofuoco, Jorge-Luis Pérez-Medina, Paolo Roselli, Jean Vanderdonckt, and Santiago Villarreal. 2019.

Eliciting Contact-Based and Contactless Gestures With Radar-Based Sensors. IEEE Access 7 (2019), 176982–176997.

DOI:http://dx.doi.org/10.1109/ACCESS.2019.2951349
[136] Nathan Magrofuoco and Jean Vanderdonckt. 2019. Gelicit: A Cloud Platform for Distributed Gesture Elicitation

Studies. Proc. ACM Hum.-Comput. Interact. 3 (2019), 1–41. Issue EICS. DOI:http://dx.doi.org/10.1145/3331148
[137] Meethu Malu, Pramod Chundury, and Leah Findlater. 2018. Exploring Accessible Smartwatch Interactions for People

with Upper BodyMotor Impairments. In Proceedings of the 2018 CHI Conference on Human Factors in Computing Systems

(April 21-26, 2018) (CHI ’18). ACM, New York, NY, USA, 488:1–488:12. DOI:http://dx.doi.org/10.1145/3173574.3174062

ACM Comput. Surv., Vol. 1, No. 1, Article . Publication date: December 2023.

http://dx.doi.org/10.1145/1753326.1753572
http://dx.doi.org/10.1145/1753326.1753572
http://dx.doi.org/10.1145/2371664.2371682
http://dx.doi.org/10.1145/2371664.2371682
http://dx.doi.org/10.1145/3077343.3077348
http://dx.doi.org/10.4018/IJMHCI.2017010102
http://dx.doi.org/10.1145/2350046.2350098
http://dx.doi.org/10.1145/3301019.3324878
http://dx.doi.org/10.1145/3301019.3324878
http://dx.doi.org/10.20380/GI2019.09
http://dx.doi.org/10.1145/3024969.3024970
http://dx.doi.org/10.1007/s11432-015-1014-7
http://dx.doi.org/10.1007/s11432-015-1014-7
http://dx.doi.org/10.1145/3212711.3212714
http://dx.doi.org/10.1007/s00530-011-0240-2
http://dx.doi.org/10.1371/journal.pone.0198092
http://dx.doi.org/10.1016/j.ijmedinf.2019.07.013
http://dx.doi.org/10.1109/ACCESS.2019.2951349
http://dx.doi.org/10.1145/3331148
http://dx.doi.org/10.1145/3173574.3174062


48 Santiago Villarreal-Narvaez et al.

[138] Vito M. Manghisi, Antonio E. Uva, Michele Fiorentino, Michele Gattullo, Antonio Boccaccio, and Giuseppe Monno.

2018. Enhancing user engagement through the user centric design of a mid-air gesture-based interface for the

navigation of virtual-tours in cultural heritage expositions. Journal of Cultural Heritage 32 (2018), 186–197. DOI:
http://dx.doi.org/10.1016/j.culher.2018.02.014

[139] Francisco J. Martínez-Ruiz, Sebastian F. Rauh, and Gerrit Meixner. 2020. Understanding Peripheral Audiences: From

Subtle to Full Body Gestures. In Human Interaction and Emerging Technologies, Tareq Ahram, Redha Taiar, Serge

Colson, and Arnaud Choplin (Eds.). Springer International Publishing, Cham, 489–495.

[140] Kohei Matsumura. 2015. Studying User-Defined Gestures Toward Off the Screen Interactions. In Proceedings of the

2015 International Conference on Interactive Tabletops & Surfaces (November 15-18, 2015) (ITS ’15). ACM, New York,

NY, USA, 295–300. DOI:http://dx.doi.org/10.1145/2817721.2823496
[141] Dan Mauney, Jonathan Howarth, Andrew Wirtanen, and Miranda Capra. 2010. Cultural Similarities and Differences

in User-Defined Gestures for Touchscreen User Interfaces. In CHI ’10 Extended Abstracts on Human Factors in

Computing Systems (CHI EA ’10). Association for Computing Machinery, New York, NY, USA, 4015–4020. DOI:
http://dx.doi.org/10.1145/1753846.1754095

[142] Keenan R. May, Thomas M. Gable, and Bruce N. Walker. 2017. Designing an In-Vehicle Air Gesture Set Using

Elicitation Methods. In Proceedings of the 9th International Conference on Automotive User Interfaces and Interactive

Vehicular Applications (AutomotiveUI ’17). Association for Computing Machinery, New York, NY, USA, 74–83. DOI:
http://dx.doi.org/10.1145/3122986.3123015

[143] John C. McClelland, Robert J. Teather, and Audrey Girouard. 2017. Haptobend: Shape-Changing Passive Haptic

Feedback in Virtual Reality. In Proceedings of the 5th Symposium on Spatial User Interaction (SUI ’17). Association for

Computing Machinery, New York, NY, USA, 82–90. DOI:http://dx.doi.org/10.1145/3131277.3132179
[144] Fabrizio Milazzo, Vito Gentile, Antonio Gentile, and Salvatore Sorce. 2017. KIND-DAMA: A modular middleware for

Kinect-like device data management. Software: Practice and Experience 48, 1 (2017), 141–160. DOI:http://dx.doi.org/
10.1002/spe.2521

[145] G. Modanwal and K. Sarawadekar. 2017. A New Dactylology and Interactive System Development for Blind-Computer

Interaction. IEEE Transactions on Human-Machine Systems PP, 99 (2017), 1–6. DOI:http://dx.doi.org/10.1109/THMS.

2017.2734065

[146] Gourav Modanwal and Kishor Sarawadekar. 2018. A Gesture Elicitation Study with Visually Impaired Users. In HCI

International 2018 – Posters’ Extended Abstracts (July 15, 2018) (Communications in Computer and Information Science).

Springer, Cham, Cham, 54–61. DOI:http://dx.doi.org/10.1007/978-3-319-92279-9_7
[147] Meredith Ringel Morris. 2012. Web on theWall: Insights from aMultimodal Interaction Elicitation Study. In Proceedings

of the 2012 ACM International Conference on Interactive Tabletops and Surfaces (2012) (ITS ’12). ACM, New York, NY,

USA, 95–104. DOI:http://dx.doi.org/10.1145/2396636.2396651
[148] Meredith Ringel Morris, Jacob O. Wobbrock, and Andrew D. Wilson. 2010. Understanding Users’ Preferences for

Surface Gestures. In Proceedings of Graphics Interface 2010 (GI ’10). Canadian Information Processing Society, CAN,

261–268.

[149] Miguel A. Nacenta, Yemliha Kamber, Yizhou Qiang, and Per Ola Kristensson. 2013. Memorability of Pre-Designed

and User-Defined Gesture Sets. In Proceedings of the SIGCHI Conference on Human Factors in Computing Systems (CHI

’13). Association for Computing Machinery, New York, NY, USA, 1099–1108. DOI:http://dx.doi.org/10.1145/2470654.
2466142

[150] Vijayakumar Nanjappan, Hai-Ning Liang, Feiyu Lu, Konstantinos Papangelis, Yong Yue, and Ka Lok Man. 2018.

User-elicited dual-hand interactions for manipulating 3D objects in virtual reality environments. Human-centric

Computing and Information Sciences 8, 1 (2018), 31. DOI:http://dx.doi.org/10.1186/s13673-018-0154-5
[151] Vijayakumar Nanjappan, Rongkai Shi, Hai-Ning Liang, Kim King-Tong Lau, Yong Yue, and Katie Atkinson. 2019a.

Towards a Taxonomy for In-Vehicle Interactions Using Wearable Smart Textiles: Insights from a User-Elicitation

Study. Multimodal Technologies and Interaction 3, 2 (2019), 33. DOI:http://dx.doi.org/10.3390/mti3020033

[152] Vijayakumar Nanjappan, Rongkai Shi, Hai-Ning Liang, Haoru Xiao, Kim King-Tong Lau, and Khalad Hasan. 2019b.

Design of Interactions for Handheld Augmented Reality Devices Using Wearable Smart Textiles: Findings from a

User Elicitation Study. Applied Sciences 9, 15 (2019), 3177. DOI:http://dx.doi.org/10.3390/app9153177
[153] Andrés Adolfo Navarro-Newball, Isidro Moreno, Edmond Prakash, Ali Arya, Victoria E. Contreras, Victor A. Quiceno,

Santiago Lozano, Juan David Mejìa, and Diego Fernando Loaiza. 2016. Gesture based human motion and game

principles to aid understanding of science and cultural practices. Multimed Tools Appl 75, 19 (2016), 11699–11722.

DOI:http://dx.doi.org/10.1007/s11042-015-2667-5
[154] Samuel Navas Medrano, Max Pfeiffer, and Christian Kray. 2017. Enabling Remote Deictic Communication with Mobile

Devices: An Elicitation Study. In Proceedings of the 19th International Conference on Human-Computer Interaction with

Mobile Devices and Services (MobileHCI ’17). Association for Computing Machinery, New York, NY, USA, Article 19,

13 pages. DOI:http://dx.doi.org/10.1145/3098279.3098544

ACM Comput. Surv., Vol. 1, No. 1, Article . Publication date: December 2023.

http://dx.doi.org/10.1016/j.culher.2018.02.014
http://dx.doi.org/10.1145/2817721.2823496
http://dx.doi.org/10.1145/1753846.1754095
http://dx.doi.org/10.1145/3122986.3123015
http://dx.doi.org/10.1145/3131277.3132179
http://dx.doi.org/10.1002/spe.2521
http://dx.doi.org/10.1002/spe.2521
http://dx.doi.org/10.1109/THMS.2017.2734065
http://dx.doi.org/10.1109/THMS.2017.2734065
http://dx.doi.org/10.1007/978-3-319-92279-9_7
http://dx.doi.org/10.1145/2396636.2396651
http://dx.doi.org/10.1145/2470654.2466142
http://dx.doi.org/10.1145/2470654.2466142
http://dx.doi.org/10.1186/s13673-018-0154-5
http://dx.doi.org/10.3390/mti3020033
http://dx.doi.org/10.3390/app9153177
http://dx.doi.org/10.1007/s11042-015-2667-5
http://dx.doi.org/10.1145/3098279.3098544


Brave New GES World: A Systematic Literature Review of Gestures and Referents in Gesture Elicitation Studies 49

[155] Michael Nebeling, Alexander Huber, David Ott, and Moira C. Norrie. 2014. Web on theWall Reloaded: Implementation,

Replication and Refinement of User-Defined Interaction Sets. In Proceedings of the Ninth ACM International Conference

on Interactive Tabletops and Surfaces (2014) (ITS ’14). ACM, New York, NY, USA, 15–24. DOI:http://dx.doi.org/10.1145/
2669485.2669497

[156] Jaye Nias. 2015. Guessability As an Ethnographic Study of Mobile Technology Usage in Kenya. In Proceedings of the

Seventh International Conference on Information and Communication Technologies and Development (May 15-18, 2015)

(ICTD ’15). ACM, New York, NY, USA, 1–4. DOI:http://dx.doi.org/10.1145/2737856.2737898
[157] Juliet Norton, Chadwick A. Wingrave, and Joseph J. LaViola, Jr. 2010. Exploring Strategies and Guidelines for

Developing Full Body Video Game Interfaces. In Proceedings of the Fifth International Conference on the Foundations of

Digital Games (2010) (FDG ’10). ACM, New York, NY, USA, 155–162. DOI:http://dx.doi.org/10.1145/1822348.1822369
[158] Mohammad Obaid, Markus Häring, Felix Kistler, René Bühling, and Elisabeth André. 2012. User-Defined Body

Gestures for Navigational Control of a Humanoid Robot. In Social Robotics, Shuzhi Sam Ge, Oussama Khatib, John-John

Cabibihan, Reid Simmons, and Mary-Anne Williams (Eds.). Springer Berlin Heidelberg, Berlin, Heidelberg, 367–377.

[159] Mohammad Obaid, Felix Kistler, Gabrielundefined Kasparavičiūtundefined, Asim Evren Yantaç, and Morten Fjeld.
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B WORD CLOUDS, TOPICS, AND TOPIC MODELLING
B.1 Word Cloud
We have created two sets of word cloud figures - one that shows the chronological order and the

other one that contains 267 studies.
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user interface
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systems chi

0001/01/01-0002/01/01

cerebral palsy

humanmachine interaction
neural networks

neural network

artificial neural
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high level
image processing
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speech elicitation
hand motion

1998/09/04-1999/09/04
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Fig. 14. Chronological Word Cloud 1994 Dunning algorithm

Fig. 15. Chronological Word Cloud 1998-1999 Dunning algorithm (left) and Mann Whitney U test (right)

Fig. 16. Chronological Word Cloud 2000-2002 Dunning algorithm (left) and Mann Whitney U test (right)
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Fig. 17. Chronological Word Cloud 2005 Dunning algorithm (left) and Mann Whitney U test (right)

Fig. 18. Chronological Word Cloud 2006 Dunning algorithm (left) and Mann Whitney U test (right)

Fig. 19. Chronological Word Cloud 2008-2009 Dunning algorithm (left) and Mann Whitney U test (right)
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Fig. 20. Chronological Word Cloud 2010 Dunning algorithm (left) and Mann Whitney U test (right)

[H]

Fig. 21. Chronological Word Cloud 2011 Dunning algorithm (left) and Mann Whitney U test (right)

Fig. 22. Chronological Word Cloud 2012 Dunning algorithm (left) and Mann Whitney U test (right)
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Fig. 23. Chronological Word Cloud 2013 Dunning algorithm (left) and Mann Whitney U test (right)

Fig. 24. Chronological Word Cloud 2014 Dunning algorithm (left) and Mann Whitney U test (right)

Fig. 25. Chronological Word Cloud 2015 Dunning algorithm (left) and Mann Whitney U test (right)
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Fig. 26. Chronological Word Cloud 2016 Dunning algorithm (left) and Mann Whitney U test (right)
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Fig. 27. Chronological Word Cloud 2017 Dunning algorithm
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Fig. 28. Chronological Word Cloud 2018 Dunning algorithm

ACM Comput. Surv., Vol. 1, No. 1, Article . Publication date: December 2023.



Brave New GES World: A Systematic Literature Review of Gestures and Referents in Gesture Elicitation Studies 61

Fig. 29. Chronological Word Cloud 2019 Dunning algorithm (top left), 2020 Dunning algorithm (bottom left)

and 2019-2020 Mann Whitney U test (right)

Fig. 30. Word Cloud of 267 studies, Dunning algorithm (left) and TF-IDF algorithm (right)

ACM Comput. Surv., Vol. 1, No. 1, Article . Publication date: December 2023.



62 Santiago Villarreal-Narvaez et al.

B.2 Topic

20001996 1998 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020

Topic Modeling: Gesture Elicitation Studies zotero://papermachines/mallet_lda/C2/json/{"topics":"50","stemming":...

1 of 1 25-07-21 22:54

Fig. 31. Stream graph by most common, 5 topics
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1 of 1 25-07-21 22:57

Fig. 32. Steam graph by most common, 10 topics
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1 of 1 25-07-21 22:55

Fig. 33. Stacked area graph by most coherent, 5 topics
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Fig. 34. Stacked area graph by most coherent, 20 topics
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Fig. 35. Categorical graph by most common, 5 topics
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Topic Modeling: Gesture Elicitation Studies zotero://papermachines/mallet_lda/C2/json/{"topics":"50","stemming":...
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Fig. 36. Categorical graph by most common, 10 topics

B.3 Topic modelling
The connections between different terms or concepts.
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Fig. 37. associations between terms X and Y (left), X at Y (right)
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Fig. 38. associations between terms X a Y
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Fig. 39. associations between terms X is Y

Fig. 40. associations between terms X of the Y (left), X or Y (right)
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